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viii PREFACE. 

ever, published in a separate hrocliure for the use of those who may 
deRire to have them. 

The pages of the work have been enriched by many additional 
Tables, to the authors of which I tender my warmest thanks. I 
take the opportunity, also, of thanking my i)nblisher, Mr. Walter 
King, for his efforts to give the " Handbook" its present acceptable 
form. 

T. N. 

5, NoKVoLK Stkkkt, Manchkktkr, 
March, 188S. 
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THE FIRST EDITION. 
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The present work has been compiled to supply a want which has longr 
been felt by Gas Managers. Though there are several well-known 
excellent, and comprehensive treatises on Gas Lighting, and on the 
Chemistry of Gas Manufacture, and many valuable manuals bearing 
on particular branches of the subject, no Handbook has yet appeared 
embodying in a convenient form the various Bules, Tables, and other 
data so frequently required for reference in successfully conducting 
the operations of gas-works. 

It is not possible, nor is it desirable, that a work of this kind should 
consist of entirely original matter. To be really useful it must bring 
together, in systematic order, whatever of value it can glean, not only 
from the few standard treatises on the subject, but also from the 
periodical literature of Gas Lighting, and the numerous pamphlets 
and other publications constituting the library of the Gas Engineer 
At the same time, a cursory glance at the contents of the volume 
will show that there is much original matter of an acceptable kind 
distributed throughout its pages. 

My very grateful acknowledgments are due to Mr. T. G. Bablgw, 
C.E., for his kindness in so readily and courteously permitting me to ^ 
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extract from the earlier volumes of the Journal of Oas Lighting his 
comprehensive and valuable Tables on the Flow of Gas through 
Mains, and those of Mr. Lewis Thompson, giving the results of the 
analyses of different varieties of Coal and Cannel. I am also indebted 
to Mr. Hartley, of Millbank Street, Westminster, for leave to repro- 
duce the Specific Gravity Tables of Mr. Alexander Wright, from 
his useful litt^d Work on the "Analysis of Coal Gas;*' and to Mr. 
William Sugg, of Vincent Works, Westminster, for allowing me to 
print his Photometer Tables from the late Mr. Bannister's volume on 
" Gas Manipulation." On the Chemistry of Gas Lighting there are 
no higher authorities than Dr. Letheby and Professor Frankland, 
and I have availed myself of the result of their labours in several 
instances. Other sources of information are acknowledged in tlie 
body of the work. 

T, N. 

March, 1870. 
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TO 



THE SECOND EDITION. 
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The favourable reception whioh was accorded to the first edition of 
the "Gas Manaoeb's Handbook" sufficiently proves that it supplied 
a generally acknowledged want. 

In the present edition, the work has undergone careful revision, 
much new matter has been added, its form has been altered to suit 
alike the pocket and the desk, and every effort has been made to 
increase its usefulness, and render it worthy of the position it aspires 
to fill. 

I am indebted to the Press, and to many friends, for the interest 
tihey have taken in the success of the work, and for valuable sug- 
gestions, which I have adopted as far as practicable. 

T.N. 

Pkbmambuoo, 

November^ 1878. 
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teb chee^ kinds op coal. . 

Gunnel or Farrot Coal, — The richest Gtas-produoisg CosX^ well known^ 
by its hard smootii texture. The best Tarieties are fonnd in 
different parte of Scotland, and at Wigan and Kewcastle. The 
two latter yield Ck>ke of fair quality ; that from the former is less 
Taluable, and much of it useless as fuel. 

Bitwmmowi CoaL — ^Including caking (Newcastle and .Wigan), splint 
(South Wales and Scotland), ohen*y (Scotland aiid Lancashire), 
and other Coals, containing bitumen, and consequentiiy ^ more or' 
less value in the manufacture of Illuminating Gaer. Yields Coke 
of excellent quality. 

t 

Anihradie or Glance Coal, — Chiefly Welsh, containing a large propor- 
tion of fixed oarbon, but little volatile matter, and almost smoke- 
less in burning. Excellent Uix steam purposes, but quite useless 
for the production of Illuminatiiig Ghis. 

Lignite or Brown Coal. — Found at Bovey Tracey, in Devonshire, in a 
small field near Lancaster, and near Lough Neagh, in Ireland. Of 
no great interest to the gas maker. Yields but little Gas, and that 
of a low illuminating power, and a very unpleasant odour. G-ives 
off a large quantity of water charged with acetic acid. Coka 



valueless as fuel. 
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TABULAB VIEW OF THE 
TRIAS, PERMIAN, AND CARBONIFEROUS SERIES 

IN ENGLAND Aip> WALES., , : - 

. . I , . I . ■ ' ',11 . . 

(Pbofessob Hull.) 



New red sandfitone or trias . 



jLeuper, !^ Lofwei^Keniicft ri&ndstoM. 
( Upper mottled sandstone. 
CoDglomerate beds. 
. Lower mottled sandstone. 



^Bnnter 



Upper red sandstone of St. Bees, ike. 
Upper and lower magnesiah limestones and marls of 
the Northern comities. 
Permian rocksA Lower red sandstone of Lancashire, Cumberland, and 
j Yorkshire, &c. (on the same horizon with) 
i Red sandstones, marls^ conglomerateB,,fuid breccia, of 
the central counties -and Salop. 






/ Upper 
carboniferous ' 



Cacbouiferous 
rocks 



Lower 
carboniferous - 



' Upper coal-measures with limestone, 

and thin coal seams. 
Middle coai-measures wiih thick coal 

fieams. 
'I^wer coal-measures, pr <^annister 
series, with thin coal seams and 
lower carboniferous fosl^ils. 
MUlstone grit, with thin coal seams. 
Upper limestone shale, or Yoredale 
. rocks. 

Carboniferous limestone with shales, 
{(andstones, and co^l in the Northern 
counties and Scotland; 
^ Lower limestone shale. 



Qld red sandstone and Devonian rocks. 
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TABLE 
Showdio the Total Area ov Coal Meabubes in the 

UNtTED EXKQDOM. (ClEOO.) 



• 


Are* of Goal 
Meanures. 


Entire Area of 
Conntry. 


Proportion 
of OoaI to tiM 


, 


Sqnare 
MUes. 


Acre*. 


Acres. 


Sqtuure 
lines. 


wbato. 


In England .... 
In Scotland A Islands, ) 

exdnsive of Iiakes . 
In North Wales. . . 
In Sonth Wales. . . 
In Ireland .... 
In British Isles . . . 


6,089 

1,720 

210 

950 

2,940 

• • 


8,864,960 

1,100,000 

184,400) 
608,000) 
1,881,600 

• • 


81,770,616 
18,944,000 

4,752,000 

20,899,606 
1,119459 


49,648 
20,600 

7,435 

81,874 
1,748 


l-8th. 
l-18th. 

l^eth. 
Mlfb. 


Total . . . 


11359 


7,588,960 


76,985,382 


120,290 





Exdusive of wood-coal and lignite formations, uid some email mi< 
defined areas. 



ANALYSES OF COALS. 

The following tabulated results of the analyses c^ the difFerent 
kinds of Cannel and Bituminous Coals, by Mr. Lewis Thompson, 
thon^ published as early as the year 1851, still constitute the most 
comprehensive and useful series of experiments (if we except those 
of Mr. James Paterson) that have appeared in this department of the 
science of Gkts Lighting ; and their general correctness and consequent 
vahie have frequently been proved. 

It is to be noted that dry samples of Coal were employed in eaob 
experiment. The importance of using dry material wUl be apparent 
when it is remembered that the presence of moisture in Coal (besideB 
giving rise to otiier deleterious compounds) increases the quantity of 
sulphur in the gas produced, by reason of its decomposition in contact 
wim protosulphuret of iron ;* its constituent elements — oxygen and 
hydrogen — combining, the oxygen with the iron, forming oxide of iron; 
and the hydrogen wim the sulphur, producing sulphurated hydrogen ; 
thus causing the whole of the sulphur oontainecl in the Coal to pass 
off into the gas ; whereas, in the case of the dry Coal, as a rule rather 
more than one-half of the sulphur present is left behind in the re- 
siduary coke. 

* Snlphor exists in Cannel in a free state, and in Bitaminoas' Coals chiefly in 
e ombin ation with iron, as p3nrite8 or bisulphide of iron, Fe 82, and this in ^e 
retort is OMiT«rted into solplpde or protosolphuzet of izout ^^ ^ 
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Ji, 


..... 


J^p«<i«.^ 




a^ivbuu. 


OmbbU Ohimner "1 


c!S. 


cS. 


"H!" 


o«,. 


CO*. 


Hour 


AHinoH — BBBembling 
llgnl»e. and coiHainlue 

et leavea Kud deposlu 

paul. ranclpBl fru- 

Inre^irtBgu'lir. StreHk; 

l^wn^oTlha fir^li 

not fly. Colour of Mb, 

. a dlrij grey i witb nl- 

trMe f cobalt, green isb 






4-lB 


V68 


ollb^e 
of icon. 


1-70 


■M 


■TB 


B.>»B»>!>.-BiowD, com- 
pact, and masiuve, con- 
taining a lew im- 
preeaionB of aiglllarU. 
Princip, fTHClDTe.alatr, 
conohoWal; ero8> frac- 
ture, inogiilar. StrmK, 
jeLow. Thrown on 

»lUhtly,^'aoei"o?fSS 
t-ut .pliu. Colour^ 
aih, whila; with nl- 
ttale of cobalt, bine. 
Bpeolflc gravity, 1831. 


ra'4 


81-fl 


aa-B 




S" 


■M 


■08 


■«1 


Df dgUlarla, with da- 
noaitB of CBiboiiate of 
time and pjrilcs. Ptin- 
flip»l f ruclure, oonchol. 
dal and ■lalf; oroH 
b<wtnre,diBlini:tly<ioD- 

l'o'l?."hbtow"°1^«n 
on tbo are,' decrepl- 
talBS. aplflB, and fll<», 
but does BMfd«. ABb 
whtte; with nitrnt* of 
- ■ uobalt. blue. Bpedflo 




4^-6 


lo-t 


urn 


fiilloaM 
of alD 


■w 




■15 



• fVom *be Jounul «^«w UfUi^, Vol. n., ip. »». SH, HI, «& 



OAS XSanXEEBB USD lIANAaEBS. 





Ta*. 


Coki. 


Ant, >»•»,.. 




Bmch.»i. 




""^S^"* 


cSi. 


oS. 




«-!. 


*^' HUW 


foUatad, tma baai to- 

Oolnnr of aab, wbJUab 

«>b>t[. dull dirk blQE. 
8pMlH=g™rtty,l»e. 


tW' 


M- 






H 


1-40 


■68 


-n 


fow. Cok^ of >^ 

pale nmboi, with ni- 
trate of Bobalt, doU 
black. 


«-t 


^l-B 






OiMeof 




•1 




Lehk,b*<^). - M«idvB 
duU black. Principal 

cboldal ;' cr-»t fnustore. 

lar. Streak, blsok and 
someirhat nblning. 
Thrown on the lira. 

does not ipUt or fosB. 
ColDQt ol B.h, while; 
with nitrBl« of coball. 
dirts blue. Bp«iBu 






«-l 


U-DG 


Dt alD- 
ndna 

and oi 
Ida Dl 


1'38 


1-U 


loo 


Wni,li«iliiiin^'tl>ilatj; 

■hlniiw black. Ontlu 

nltfate ot cobalt, bloe. 
Bpeciacmritf.l'SU. 


n-t 


' 




19-7 


afUoaU 
otaln- 


-78 


■M 


-M 



. HE'WBIGaniQ'S HjUJDBOOKPCTB 









(.hperCHit 




Balpha. 
























"'™' 


Coke. 


bii. 


cX. 


..;!.. 


c„.. 


c^,. 


^ 




RtT 


47^ 


IB-l.BlIB 


Oildsaf 


i-ao 


^m 


■m 










Hud and 








tew from taTGJRti nuil- 
tera. PrinoiDai tmn 










ailli»te 
























tuTB, slBly; crnamnw- 


















tnre, uieviIhc, iDellaini 
















to oonotaulda]. Blrenk, 
















dull hro-rai-h hKek. 
















Thrown omtb=ftr^.de. 


















CTBpiUtas and Rplits, 


















hnt dom nol fly. Co- 




































with nitrate of roball, 


















- oUVB gTBBn. Spodflo 


















gTBTlty. l-»as«. 


















'WiG«N.— Conipsot, blBok 
ima shining. Prindpul 


~"" 


as- 


^ 


4-Tfl 


Oiideo 


l-3» 


.aD 


■IIB 


















tTBatnrs, cnacbnldal ; 










amoale 


















of am- 








^"IVdoSSTto^t 


















Bhhiing blaok and 
















waiy. ThiowoDi, the 
































ana8UghUyfa,e>. Co- 


















lour of ash, jeUowiah 




































oob^l, oUVB black. 


















Bpeolflo grarity, 1 ajl. 


















R*«owT'H Nrwc,-r(LB.- 


<»-B ! <n-r 


J.g 


lO-UOddBo 


J.^ 


~^ 


■Bl 


Uimpacl and Djaaalre, 


1 






IroBHid 








dlghOy liDgod wtth 
mlde of iron. Blaofc 








ailicnw 














of Hms, 








aDdsbiniog. PiinDipBl 
fraalute, highly ocm- 








with m- 






















ohiridaj and reainold: 
































choidal and oobioaL 














Thninn on the Ore, 














^ tune. Colour of ajh, 




































idirue of cobalt, duU 








I 










I 


















B.>.n o» Cannkl is 


30-« 1 69.. 


7a6~ 


18-51 loildeof' I'mI -M 


■M 


Lirmm'. "rPalli'iKi 


1 








Coal.- This iB h doU 










blHfk bimd, which runs 








of lime, 


IhronghlhemaBBorthe 








with ■- 


004]. Prauture, alaly. 










ooaoholdAl; eiobs fraci- 
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A. 


^ 


A^PtC^ 




talphtu'tn 


—Sr-- 


UL 


In 
0^ 


"T 


anal. jcdH. 


.H. 


ud >blDiiis. On tfas 
hie, apUU. bDl don nol 
By or fntt. A.b. daU 
•bite, wWh ibudu ol 
pink; with nllrale ot 
wb.tt, dull biBck. Bps- 
eiflegr«vily,l-g2ll. 


i 












Bakc nt Cbskl » Pul- 
ton Hain OmL—CoIoqc 
doU block, with a ihada 


n-B 


»s 


w 


itfra 


Oxldsof 

iron ana 

of lime 

WlCfa K 


■» :« 

1 




trate of wb.lt, bWk. 
^«iii<,g«^it,,i'm 




looT, dnll browidih 

eoncboldal. Struk, 
■bluing bUck, On the 
Bro. ipllla ud Cum. 

while, with ib'i^o ot 
Irfnk. 8p«iflc gra.lt,. 


8T* 


196 


<^97 


IM 










poaitii ol catboimte of 
Sao. Btnuk, ihlnlng 
bluk. Od tbe Are, 

bntdoe-noHnw. A»h. 
dittr white. Speclfle 
tnvitj. l-SBO, 


BO- 


» 


OT 






iw 


« 


\ 



»E\?BIOalNa'S -SASDSQOK f OB 



...saiS„. 


UUUr 


.^ 


<&. 


cS,. 


CoBl. 


oliiaj 


'£. 


BfaiwMop.— Coal bUek ; lami- 
nated, /rauture, <»araB and 

grey. Bpeolflc gravity, 1-388. 

Dean't i*rtm™r.— Colour, brown- 
ish black, with Bhining Uyers. 

rites. On tbe dm, epllta, and 
crackles slightly, bwbITb, and in- 
lumoBcc. Ash. brick red. Spe- 
cific giuyity. 1-Ml. 

^aratcli cfli. u.V.-Coal black and 
rather friable, with tbln bands 

Frnoture. uneven and cnblual; 

backley, "oonUinlng trawB ol 
cbareo^I. Streak, dull black. 
PU the flio. Bwolli eod Iubbb 
KJgsffier. Aah.Ughlrad. Spe- 
olfio gnvity, l'3»a 

■O^fiM (0™™'.l.-CDal black 
and Bhining, with thin dark 
laminae. Ftactnce.lTregDlBf and 

Mfloar. Bpeciflo gravity, 1-aW. 

«o(Cerlh.— Coal blaok, with ahio- 

iDg layers, Fractnie. irregular, 

ol dhartioal. Slreak, dull black. 
On the Ore. swells and agglnti- 

Sl^iiT.Tity;iW°"°"' ^^' 

landoated and BpllnRy. pTae- 
tnie, onUeal and eUgbUy con- 
ehcddal! en.BBbaotore,aubicaI 
and irregular. Streak, blaok, 
wltli a sbade of blown. On the 

Ash, white, with red atreaks. 
^jiedBc emvily, l'B7lt. 


Be- 

39-36 
29-* 


83- 
10-76 

Tl'7 
BB- 


a-1 

■M 

1- 

3- 


8'39 
1-3* 


l-M 

-85 

1-10 


-SO 

-« 
■la 

-M 


■15 
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tioB Of thm prlBDlpal Inetanii 
ud lUshiacvaailaodilHinioaL 
Vtmatait,lM,ty, imUal,<lDoUii- 
lag lo DODclioldaJ: Dtoaa fru)- 
tara, uahioal, with (ajcra ot onr- 
bonaU ot 1iln«. Stienk. brown 
bUck. On IhB nre, tpUW unfl 
Opens, but dow nol Fuie, A«li, 
doll muni colour. Upcolflu 

Ltrenoa'i WaJlimd.— Colonr.Bonl 

iayera of iron pyrites. Strtjhk. 
Asli.briufcniiL Bpnoitie gtavilj, 



ifl putlalJy. Aqh, light jrel- 
. SpeciBo enrity, l-aee. 

FTHOEurBi ctiblCBl In ul 



gnriiy, i-an- 

Mt«i JfniH.— Colour, (jOBl hlnck, 
vithaliinlnE lajsn. Friwtiire, 

tbla dcpoBlU of isitboaate □( 
Ume, and Icon pyrilei in the 



si? ochiy in 
Xavitj, im 






wes. Aih. UgM^ick 



\ \ 
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i.h(.rCa.t, 


Bnlpl,wJa 


MinHiuid 


^«?' 














"^-^r^"' 


MUler 


Ccii 


<^. 


cSb. 


C«l. 


Cok^ 
















««"«. 


NCKTHimMIlI^in. .SD DDBH-"- 


38' 8 


6B-7 


ii 


flT~ 


^ 


1-10 


1-00 


Soiitt Tbik.— Shining blaok.with 
















dull laminn, FcKtnre, eodib- 
















wilh layeiB of cburcaBX and 






























gi?isr;d^cS?t'ro^>?ss;i;i'^E:^- 
































Blighlly. Ash, daep pink. Spe- 
































CraeW.— Coloir, qoal black, vrtlh 
Hhinfng fayets. Fiiictit[a,iD all 


aa-7 


71-8 


1-es 


189 


I-OO 


-M 


■to 


diceotiioas, cabioa], with layeri 
















of carbonate o( lirao and iron 
















ItTfflk, WaS aT.THhhdDg°"cS 
the Bra, opens out, Bu-ella and 












































fUBEaah'ghUy. Ash. dull dohrj 
















yellnw. SpecLfld grayity, 1271. 
















ffMliiaslon-— CoLonr, coal blaqk. 




B8-7S 


9-9 


»-i 




■a 


■ds 


withshinlnglayerB. Fiautore, 
















in all dlrccUonB, oobioal and 
















irregular. On the Are, oponB 
















out and toses slightly. Streak, 
Bbuilng black. Ash, reddish 
















yellow. Bpddiflcgravity.l-aao. 
















eoKKRSETSHlHE : WoIUM, — DnU 


mV 


gg.] 


B- 


1-6 


3-86 


rso 


1-83 


black, eoarse grahiad and fl- 
















hrons. Fracture, baokley, in- 
















































and iron pyrites ; uroea fraotore, 
















y^S^icre^lsj.^ fltrsweuJ^ 
















fnsea' together. Ash, tlHsh- 
Qolourod, with red streaks. 


































8835 




S-B 


S-M 


s.ia 




I'BO 


Btmeture, cmrsa grained and 
















[rregolar. Friwtnre, slightly 
iDolinkig to cubical, with layers 












































of charcoal and h^n pyrites. Id 
















cubical crystals ; deposits of 
















oarbonateoflime. Streak, dull 
















black. On tlie flro, alters hat 
















little, and intumesces slightly. 
















Asb.doU ynllow and Baeculent. 
















BpBciflo gravity. I'WB. 
















BtaffokOshIBE : ApiidU. t ft — 


40- 


tt- 


-IB 


1-M 


-M 


■48 


"^■m' 
































cross tractnre, irregnlar, and 
















nnmerouB black bands. On the 
















fire, deorepltatea and opens; 
































colotir. Sperikc gmriCf, l'BS7. 

















GAS SiraiMBBBB XSD UASiaSRB. 





A. 




UbT«<tet 


•Hdplu^ 




o™™i^™«„rt 


**• 


A 


.a. 


CtmL 


«., 


A.. 


SuFraRDSHiuE : Jprdalc -- Set 

and bard. Principal trartnrB, 

and uigalar.i nclininr'to eabicaL 
Streak, BbUung Mack. On tho 
fire, crscklei and boma freeiy, 
but remaiiH open, nilhont any 
«TiDptoniB of tuiiao. Aah. deep 
red. SpedHe gravity 1-B07. 

■lilnJog layers, FractBre, alaty, 

yeUow. apecificgravity.l-M). 

Sarrr^alf. 10 fl. — Splintry and 
laminated. Principal (rsclare, 

andBJlghtlycoBohoidal. SUeak. 
doll blai-k. On tbe Hte, ipIlts 
and cracklBH aUghtlr; doai not 
fuse. ABb, daU cei apecifie 
gravity. l-MI. 

irrwUkuHi, T fl.. Banburt. — 
FibroDi and coamc grained. 

DOSS tracluro. irregular, inolin- 

of cbarcoa). On the flre.Bwelli 

tawn colonr. apectflc grsvlly. 


■B-8 
«-8 

U-3 


.. 


1-8 
■ ■» 


B-Dn 

l-HS 


'■" 


■70 

■n 


■6* 
-HO 

•n 


layers: lamioatel I'raolare. 
alat; and onbic.1. with cHareoal 
depoBits; orosB fracture, oobi- 
eaL Struk, black. On tha 
ftre, swells, and aegliHoatei. 
Art,, pale fawn colour. Bpeeiflc 
gravity, 1-308- 

IhudH,n. M^iH OW— Ccal bllick 

fractorc, foUated and splintry, 
with naueroOB layers of ohar- 
oo^, and acme indications of 
iron pj-ritea. Streak, dull black. 
On t£e Ore. swello and tose> to- 
gether. Asb, pale yellow. Bps. 
i^cgrarity.l-aM. 


US 




I'l 


1-71 


l-« 


-ao 


■« 
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cL 


». 


W.p.,C«. 


Bnlpbario 


""•"Ir^"" 


^ 


A. 


« 


^., 


ToU. 


w»i.«s ""^"^u J5;''^i''^ ^"Si 

1,S». Fracwr., lrrep.lar, 
inoUnlng to cubical ; croM (rao- 

OapoBlU or cbarcoal. and thin 
layerc of carbnnalp of Uma. 
Blreak. dull black. On tho Are, 

Aab, lawn colour. SpeciBo gra- 
vity, ITHl. 

AyalMm »<MlSflatn.-Bhinlng black. 


S4- 


aa-i 


1'* 


8-l» 

i-ac 


110 
1-10 


■00 

•70 


•40 


Fraolure, aonras anil tuckley, 

S'iir^-o^Snc'"9^™k''bl™t 
On tbofirc, agslutinjrt™ allghtly 

oolonr. apactflc gravity, 1MB. 




■WU.KB 1 SoiTH ): iUiwidn.— Colour, 
«»1 tlai^k. Structure, ooam 

^iX>;c™h>(rBot«c.baok- 
icy and angular. On the fire, 
.wolls >liebtlj. A>h,Ugblfa™ 
ooloor. Hpeolflo gravily, l«7a 

Bluflda loir Moi™.-<>loqr, coal 

ley. Fcaolure, irrogulnr and 
^btly .cubical; eroBB Iraclure. 
SogbinaangulW. 9n«.k,aul1 

palsied. Spcoiflo gravity, l-aao. 


aa-H 


TT-a 


„ 


™ 


s-so 


1-10 


1K» 


Tobmb™.: El«car Lm ML- 

^™" amctu^: I^nated. 

cubical ; oroM fracture, cubical, 

ooaL and traces of carbonaie of 
lime. Streak, black. On tbe 
fire, svrellB and fnecH with laxBe 

low. BpentBo gravily, l-iSi. 


ST- 


(»■ 


11 


IT* 


i-an 


'68 
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Name and 

Oeneral Chaimcter uf 

CoaL 



! VoU- 
'• tile 
Matter. 



. Ash p«r Cent 
Coke. ' ' 



In 
Ctval. 



In 

Ct.ke. 



Yorkshire : GriqUston. Cliffy Sojf. 
Colour, coal black. Structure, 
splintry, and in layers. Frac- 
ture, slaty, with bands of char- 
coal ; cross fracture, hackley 
and cubical, containing trace.s 
of carbonate of lime. Streak, 
black. On the fire, alters but 
little, and does not fuse or de- 
crepitate. Ash, brick red. Spe- 
cific gravity, 1*255. 

Mortomly. — Coal black, with shin- 
ing layers, in splhitry frag- 
ments. Fracture, laminated and 
cubical ; cross fracture, cubical 
and irregular. Streak, dull black. 
On the fire, splits and opens, 
but afterwards agglutinates and 
intumesces. Ash, light fawn 
colour. Specific gravity, 1*220. 

SUkstotif No. 1. — Colour, jet black. 
Structure, laminated and pris- 
matic. Fracture, slaty; cross 
fracture, cubical and irreg^ular, 
with deposits of carbonate of 
lime and charcoal. Streak, black 
and shining. On the fire, splits 
and fuses slightly. Ash, fawn 
colour. Specific gravity, 1*260. 

SiUe«ton^ No. 2. — Colour, jet black. 
Structure, uniform, fracture, 
in all directions, cubical ; traces 
of carbonate of lime and char- 
coal. Streak, brownish black. 
On the fire, fuses slightly, and in- 
tumesces. Ash, yellowish fawn 
colour. Specific gravity, 1*259. 

SUk^tan^No.S. — Colour, coal black. i 
Structure, laminated and pris- 
matic. Fracture, slaty and co- 
lumnar ; cross fracture, irregu- 
lar and cubical, with deposits of 
charcoal and traces of carbonate 
of lime. Streak, black. On the 
fire, alters little. Ash, pale fawn 
colour. Specific gravity, 1*262. 

Soap House Pit. — Dull black and 
smty, with impressions of leaves. 
Fractore, rough and hackley, 
inclining to conchoidal ; cross 
fracture, irregular and angular. , 
On the fire, splits, and then ag- 
glutinates and swells. Streak, 
doll brownish black. Ash, light 
iMTOwa. Specific gravity, 1*258. 



Sulphur in 



I I VoU- 

Coal. I Coke. tile 
I Matter. 



"I 



35-6 , 64-4 ! 1*6 ! 2*48 1*40 *75 ' -66 



37- C3* j 1*6 ' 2-54 i 1*10 



60 



50 



34*1 6511 



2*78 



4 21 I 1*30 



*80 



■50 



I ! 

88* i 62- 2 55 4*1 i 110 



•60 



•60 



36-2 ! e4*8 : 2*8 i 4*3 1*45 . 75 



70 



85- 



66- 



•8 i 123 



•75 



40 



•35 



v: 
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Name and 

General Character of 

CoaL 



! Vola- I 
I tUe 
Matter. 



Coke. 



f ■• 



YoKKSHiRE : Woodtlwrpe. — Com- ; 
pact, black and uniform in ap- ! 
pearance ; resembles cannel [ 
coal. Fracture, conchoidal ; i 
cross fracture, splintry and con- 
choidal, with layers of carbon- 1 
ate of lime. Streak, black, j 
On the fire, decrepitates slightly ; 
and splits, but does not fuse. ! 
Ash, dirty pink. Specific gra- 
vity, 1-847. 



881 



66*9 




Sulphur in 



Coal. 



1-20 



Coke. 



'70 



I Vula- 

Ule 
IMatter. 



•50 



Fuance: Denain (VcUenciennes). — 29*9 
Colour, coal black. Structure, 
coarse grained and slightly fi- 
brous. Fracture, irregular, in- 
clining to cubical, with layers 
of charcoal; cross fracture, 
hackley and angular, with 
traces of iron pyrites. On the 
fire, but little affected, intu- 
mesces and agglutinates. Ash, 
fawn colour. Specific gravity, 
1 -265. 



70- 1 



6- 



8-66 2-40 1-30 110 



COAL AND CANNEL. 

The particulars contained in the following Tables, showiufjf tlie 
Producing Power of various kinds of Coal and Cannel, have been 
derived from the standard works on Gas Lighting, from Parliamentar>' 
returns, and from the recorded results of the different experimentalistH, 
in whatever authentic form they may have appeared. There are 
evident discrepancies between some of the results, especially between 
the earliest and the most recent. The range of time, however, over 
which the several experiments have been made, embraces a period of more 
than fifty years, and it is doubtless to the imperfect apparatus used in 
the earlier trials that the difference between these and the later results 
may chiefly be attributed. In some instances the difference is only 
apparent, the distillatory process having been prolonged at the expense 
of the illuminating power. 

It is exceedingly desirable, in recording the results of experiments 
with mixtures of various Coals with each other, and along with other 
substances, that the exact proportions used should be stated. When 
these are not specified the other particulars given are comparatively 
valueless. The worth of some of the information contained in the 
subjoined Tables would have been much enhanced had this necessary 
rule been followed. 

The weight of the coke produced in the different trials should also 
ifti given in every instance. The absence of such information, so 
eaaUy obtained^ and of such obvious value, is always to be regretted. 



QAS BNtilXEEBS ASD UASAGKBS, 



COAL AND C A X >■ E L . 

Q'UiHtUy of Gat oblaiimd from Caal a-id Cnnnel per Tim; Illumina- 
ting Potcer of Ihe Oa-i; Specific Graaiiy of the Got; WeiglU of 
Coke in Founds per Ton ; and Per Cealage of Aili in Coke. 

The teats deBcribed in the third columa of tbe foUon-iag tables wen- 
nude with the old bunierB, Dow discarded for the "Standard" 
bnmer; it ia neceeaary, tberefort. when deairiug to ascertain tht 
illtuninating power which the latier burner would develop, to add 
aboat IS per cent, to the figures here given. 



Paw*r , flf Wifbl^ I 



CutKEL CUU- 



Brldgewatw . . . 
Brymbo . . . .' 

Oapeldrse . . . .1 

Ditto. Mo. i ... 
Ghamlalde, Airdrie . 
Coed TiilcB, shale 
DonibniUs . . . 
J>aiikirk,I>akiiil1eld . 
Hsjwooa, Boalch . . 

Wtto . ' ! ' I| 
Knightswood . . -I 



• Chartered Obs C<i. 



IS'Oe Ictaarteted Gas Co. 

a-M 'Dr. Pjle. 

L0-H6 Mr. F.J. Evans, IBIA 



Ditto, Ist eiperlu 



InKb^ellj , 

Monkland , 



•aa 1660- lS-61 



; Mr. Wright. 

:Ur. J. Bedla;. 
I' Cbsitered Qas Co. 
■ Or. Pjte. 

I Mr. L. ThompEon. 
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BiKl. 


C^ Anlhoilty. 


CAKNBtr— eOFlH 

PeaalBy Ccobb 

§=!•.■»;,. 

Brailob Fanot 
BooMh . . 

BtaHaidbhlre 

WaBhlngton' 

Wemjsa'. ', 

Ditlo ; : ; 

Wigan . , 

Ditto '. '. '. 
Ditto, Inae Ha 

Ditto! BalcaWe 
Ditto, BlundeU 

Ditlo, Hnltoii'e 

Ditlo ! 
Ditto, Kay * 

wjB?,' : : 

Yorkahire '. 
Di(to.We8tIrO[ 
Co.. Weit A 

Newcastle C 

Bennlck «'cr 
Wallwnd . 

Dean-a Primio 


artl 

Dt 
Jda 

ais 


=y 


B,74fl 
9,683 

fljsi 

1I.BMI 
la.HlS 
11,800 

ii;4a4 
loiiiia 

is 

11>0 

Uioo 

B.108 
IQ.KKI 
14,4»l 
11,1157 

llifiUU 
10,887 

s 

lo.too 


iB-m 

Ifl-BS 
SB-' 

la-' 


'MB 

i 

i 

i 
i. 

■680 

-BOB 
■(S8U 

■ija 

■mo 

■400 

-ISO 
■180 

-400 


liifl 
lew- 

1064- 

:: 

- 

1S44 

1BS9 


81 


78- 


|.&ey.^^ 
ir."?!**. 

y t. Weight. 

MrKayAdBj-GaaCo. 
Mr. I.. Thompaon. 

Mr. L. Thompaon. 

Or, Fyfa. 

Ur. J. Hedley. 

Ditto, 

Mt. Wright 

IV^.EVBDa.Chitrd.Ca. 
Dr. Fyfe. 

Mr.J. Hedlvy. 

Mr.Evana,Chrtrd.Oo. 
Mt. J. Leigh. 

^.OlBfg. 

Mt. J- Leigh. 
M[. W. Hngoti. 

Mt. ClegK- 

Ditto. 

Mr. J. Hedley. 

Ditto, ^ 
Mr. Clegg. 

Mr,EvRn9,Chrttd.Co, 
Mr.Clegg: 
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NewcuUB . 






W^Lend', sWt 



■iW Him . 7- 



8,700 la- 
U.UDU I u- 
11,000 11- 



11,000 ,i3''s; '4S0 ; 



13,000 I 

10,000 1 

10,500 1 



lUool Gae Cu. 
,Ttiooii)6"n. 

Hedlej. 

BrlgLton G>a Co. 

iBiropolltan Oo. 



r. J. HodlGj. 
r!Evi.iiB.ajrtrrt.Co. 



Mr. J.E. Cllfl. 



atafford Gu Co. 



9,600 'le-I ' -400 ' 



* Mr L. Thompflon, 
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" 


llUO^ 


HpKl- 




1 




J^iSp 




*, 


*1^ 










mil*. 








^"l^ 


1^. 


«S. 


^V 




v.»„„„c^^,.,-™,i 










StnflciTdsllire, Henth 














.. 






s-os 


at. L. Thomps -n. 


Dilto, Bi1vac.lalB, 10-fl 








a-BB 




IHtH>l Vfona>haa. 












Banbory. T-(eet . 








a-04 


Ditto. 




i^7in iiioia 








BatliQuCo. 


WKo, Bnnth', 1st v«r. 


loiss 




-808 








Dltta, tnd do. 


wm 




■895 








Dltta. Sirl do. 


io.«eT 




-880 






Ditto. 




MOO 










Ditto. 














At. L. Thompson. " 


aiDokpon '. 


7a» 




■SOB 








WkIm (North), Baa 






















wio 


I'n 


Ijo''"— "■ 


Uttn, nrd nuDi ! 
|]ttt(>.tIiiiitBeBn> . 








HJH 


a-M 


3itta! 














Ditto. 












Ditto. 


Dbk.:N«Ui . 






■iflS 


- 




ME.J.Hedley. 


WalihooHl.latTHTlety 


lOAW 




■88S 






Mr. Clegg. 


DUIa. Jod do. 


10,138 




'000 






Ditto. 


Wignn »nd 81. Helena 














S£;;i'r,t 


9,I8S 


i«-aii 










0,000 










Sbeffleld Qui 0.^ 
































IMS 


a- 4a 
a-M 




mito, Mortoinlj . 








Ditto, Bllketone . 
Ditto, SilkMnne, Ha. 1 


MOollSB 




l«fl 


i-ai 


arentGrlmBb;a»BCa. 
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RECENT ANALYSIS OF COALS AND CANlifEIjS— continued. 

COALS. (F. J. Evans.) 



Name of Coal. 



Qas 
perTon 

in 
Cubic 
Feet. 



Old Pelton . . . 
Pelaw .... 
Washington . . 
New Pelton . . 
Leverson . . . 
Dean's Primrose . 
liondonderry . . 
Do. average of eight i 

samples . . . 
Gosforth . . . 
West Hartley . . 
Hastings Hartley . 



11,500 
11,500 
10,000 
10,100 
11,000 
10,500 
9300 

11,000 
10,000 
10,800 
10,300 



ninmi- 
nating 
Power 
of Gas. 



Value 

of One 

Cnbic 

Foot in 

Grains 

of 
Sperm. 



14-50 
14-75 
15-00 
14-00 
14-00 
1500 
16-50 

16-80 
18-50 
14-00 
1400 



ai8 

854 
860 
886 
836 
360 
886 

403 
824 
336 
333 



Coke 
per 

Ton of 
Coal, 
lbs. 



1545 
1568 
1528 
1456 
1411 
1456 
1545 

1500 
1456 
1411 
1344 



Sol- 

phor 

in Coal 

per 

Cent. 



•75 
-85 
-78 
•62 
•69 
•90 
1-64 

1-80 
1-10 
1*20 
1-50 



Hydro- 
carbons 

con- 
densed 



Valna 
of One 
Ton in 



by I i*»- ^ 
Bromine., »P*nn- 



5-0 

4-5 

5-0 

4-75 

4-00 

4*80 

6-50 

6-00 
4*00 
4-20 
4-30 



571 
581 
514 
484 
528 
540 
554 

688 
46S 
518 
494 



CANNELS. (F. J. Evans.) 



Name of CanneL 



Gasper 
Ton. 



Boghead 15,000 

Lesmahago, No. 1 . . . . ' 13,500 

Ditto No. 2. . . . 13,200 

Capeldrae 14,400 

Armiston ! 12,600 

Ramsey 10,300 

Wemyss 14,300 

Kirkncss 12,800 

Knightswood < 13,200 

Wigan (Ince HaU) ... 11,400 



Con- 
densed 
I per Cent. 

by 
! Bromine. 




80' 
16- 
17- 
16 
17' 
12 
14 
10 
9 
11 



•752 
•642 
•618 
•577 
-626 
-548 
•589 
•562 
•550 
•528 



Specific 
Gravityof 
Con- 
densed 
Matter. 



•21 

•64 
•43 

•29 
•40 

•82 
•87 
•05 
-28 
•77 



Photogenic Power. 



Actual. 



35-75 
27 10 
24-80 
19 75 
22-50 
21-40 
24 50 
2120 
1900 
2000 



By 

AnalyHis* 



86-80 
26-24 
2481 
2128 
2380 
22-96 
27-11 
19-88 
21-66 
20-35 
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CANNEL AND COAL NUTS AND SLACK OR DROSS 

Ar« only suitable for making gas where high }ieats are kept up. They 
caunot be used to advantage iu Iron Retorts. When the heat is not 
high they cake together in a mass, and at the end of the charge are 
drawn from the retort in a conij)aratively unspent condition. 



. . TAliLE 

Showing^ by the Chlorine and Diiruhility Tent, the Comparative 
Value of TarioiiH Coals. [Dr. Ft/fe.) 



CoalB. 



Cubic Feet 

ol Gaa per 

Ton. 



Con lien Ku- 

tiou by 

Cklorine 

in 

100 partri. 



I Value of Valno ..t 

Durability, (ias aciord- J*X,i. 

with in« to Cou- „",[*„♦ 

Jet Fiame. I denwition ^li^'JJf* 'i* 

5 in<:lie*, Iby Cluorine ^^"f.ff 1, 

1 a. bumli. ; and to | Q"*?*i'> <>' 
Durability. 



English caking .... 9,746 

English parrot, average . 1U,5U0 

Marquis of Lothian's . 10,000 

Lesmahago ! 10,176 

Wemyss 1 10,000 

Kirkness 9,(29 

Boghead ; 15,486 



()-5 
7-6 
130 
17-6 
19-5 
20-75 
28-87 



Gem. 



niin. ttec. 

50 40 

44 SO 

60 



70 
75 








80 18 
84 22 



100 
1-G2 
2-35 
8-72 
4-44 
5-06 
6-t9 



1-00 
108 
2-41 
8-87 
4-55 
4-99 
9-67 



TABLE 



(jiving the Besult of the Distillation for Oas and for Oil, of One Ton 

of Newcastle Cannel Coal. {Gesner.) 

DlHtilledfor Gas, at 1000° to 1200° ] DistiUcdfor Oil, at 750° to 800° 

Fahr. 



Fahr. 

PRODUCTS. 

Coal gas .... 7450 cub. ft. 
Coal tar .... 18 J gals. 
Coke 12u01bs. 

PBODUCTS OF TH5 COAL TAR. 

J^enzole . . . . • 3 pints. 
(>)al tar naphtha . 3 gals. 
Heavy oil, naphtha- 
lino, &c. ... 9 gals. 



I'RODUCTS. 

Gas 1400 cub. ft. 

Crude oil . . . .08 gals. 
Coke 1280 lbs. 

PRODUCTS OF THE CRUDE OIL. 

Eupiou .... 2 gals. 
Jjamj) oil ... . 22-5 gals. 
Heavy oil and pa- 
raffin .... 24 gals. 



'J'otal . 



. 12g gals. 



Total 



^*^ %^ei^. 



/ 
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Coal. 

Ou 10,900 cubic feet .... 9980 cubic feet, 

lUaminatmg power . 24 Bperm cundleH . . . . H Bperm candlea. 

Coke 14361bB 16171bs. 

Tar ITKalloGS 11 gillons. 

Ammoaiacalliqaor . 18 gallons 20 gallons. 



NEWCASTLE COAL 
Produces, on an average, per ton ;^ 

Gas 9700 cubic feet. 

Illuminating power 15 aperm oandlea 

Coke 15*0 lbs. 

Tar 9 gallons. 

Am maniacal liquor 10 gallons. 



TO DETERMINE THE SPECIFIC GRAVITY OF COAL. 
Take a small piece of the coal, Buepend it by means of a horseliair 
from the under side of the pan of a carefiill;^ adjusted balance, and 
weif[h it both in and oat of water (fresli disUlled) ; divide its weight 
in (he air by the loss of uieight in the water, and the quotient ie the 
specific gravity. 




^S^. 



= l'!06 specific gravity of the cod compared with 
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standard of comparison. At this temperatare a cabic foot of water 
weighs 1000 ounces avoirdupois. Hence the specific gravity of a body 
is also its weight in ounces avoirdupois per cubic foot ; so that, 
knowing the specific gravity, the weight of any quantity of matter may 
he caJcuiated by 8im|>le measurement. For example : lu the instance 
given above, the specific gravity is 8ho^vn to be 1*206 ; the weight of the 
coal per cubic foot is, therefore, 1206 ounces, or 76*4 lbs. avoirdupois. 



TO FIND THE VALUE OF GAS IN GRAINS OF SPERM PER 
CUBIC FOOT, FROM THE GIVEN ILLUMINATING POWER. 

RuIjX. — ^Multiply 120 (the grains allowed per hour for the consumption 
of the standard sperm candle) by the illuminatiug power, and divide 
by 5 (consumption of gas in cubic feet per hour by the standard 
burner). The answer will be the value of the gas in grains of sperm 
per cubic foot. 

Example. — ^What is the value of gas in grains of sperm per cubic 
foot, the illuminating power of which is 19*46 candles ? 

19-46 X 120 ,,„ . ^ 

V = 467 grains of sperm. — Answer. 



TO FIND THE VALUE OF ANY COAL PER TON IN POUNDS 
OF SPERM, THE YIELD OF GAS AND ILLUMINATING 
POWER BEING KNOWN. 

Rule 1. — Multiply the cubic feet produced per ton by the value of 
the gas in grains of sperm per cubic foot (ascertained by the previous 
rule), and divide by 7000 (the number of grains in 1 lb. avoirdupois). 
The answer will be the value of the coal in lbs. of sperm per ton. 

ExAicPLE. — ^What is the value of a certain coal in lbs. of sperm per 
ton, whose yield of gas is 10,640 cubic feet, and illuminating power 
19*63 standard sperm candles ? 

19*63 X 120 

= =: 471*12, value of the gas in grains of sperm per cubic ft. 

o 

Then ^^'^^rj^^^^^^ = 709-37 lbs. of sperm per ton, value. Or by 

BuuB 2. — ^Divide the yield per ton by 6 (cubic feet of gas consumed 
per hour by standard burner), multiply by the ascertained illuminating 
power and by 120 (consumption of standard sperm candle per hour in 
grains) : lastly, divide by 7000 (number of grains in 1 lb. avoirdupois). 
The answer will be the value of the coal in lbs. of sperm per ton. 

Example. — ^What is the value of a certain coal in lbs. of sperm per 
ton, whose yield of gas is 10,640 cubic feet, and illuminating power 
19*68 standard sperm candles ? Then 

10,640 2108 X 19*63 X 120 ,^_,, , 

-^ rr. . — — = 709*37 lbs. of sperm per ton, value. 

6 7UUU 
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TO ASCERTAIN THE RELATIVE VALUE OF DIFFERENT 

COALS AND CANNEL8. 

To ascertain the relative value per ton of different coals and cannels, 
attach approximate or actual market prices to the sperm lbs. as 
ascertained above, and to the several residual products; cast up the 
various items and compare them by the ordinary rule of proportion. 
Example. — The two coals to be compared are — 
No. 1, yielding — £ s. d. 

10,600 c. ft. of gas per ton, 17^ candles value, 

= 636 lbs. sperm at Is. 31 16 

13i cwt. Coke at 6d. 5 75 

10 gals. Tar at Ud. 1 Oi 

22 gals. Ammoniacal Liquor ... at Id. 1 10 

^32 4 6 

No. 2, yielding— £ s. d. 

9,700 c. ft. of gas per ton, 16i candles value, 

= 567 lbs. sperm at Is. 27 17 

14 cwt. Coke at 6d. 6 10 

9 gals. Tar at IJd. lU 

20 gals. Ammoniacal Liquor ... at Id. 018 

£28 5 oj 

Assuming that No. 1 is 128. 6d. per ton, the relative value of No. 2 
will be found as follows : — 

As £32 4s. 6d : £2S 6s. 6Jd. : : 12s. 6d. : 10s. lljd. value per ton of No. 2. 



TO FIND THE RELATION BETWEEN QUANTITY OF GAS 
PER TON AND ILLUMINATING POWER. (Fabmeb.) 

If a coal yields a known volume of gas of a known illuminating 
value, to ascertain how much it will yield of another value : 

Rule. — Multiply yield of gas by illuminating power, divide by the 
required power, and the quotient is the quantity. 

Example. — ^A coal yields 9600 cubic feet per ton of 16-candle gas ; 
how much will it yield of 14 and 17 candle gas respectively ? 

9600 X 16 = 153,600. Then 

163,600 -rt«-, .. , 163,600 ^„^ ,^ 
^^ = 10,971 c. ft. and — ^ — = 9036 c. ft. 

The above presupposes that the period of distillation is extended or 
abridged, as the case may be. The rule, however, must not be 
assumed as absolutely correct, but only approximately so, and that 
. only within a limited range. 



WEIGHT OF COAL. 

Anthracite, per cubic yard, solid 2160 Ibn. 

Bituminous „ „ 2026 „ 

Cannel „ „ 2160 

Coal, stored in the usual way, per cubic yard . . . 1400 
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COAL STORAGE. 
In storing coal, 43 cubic feet of Hpace per ton is required. 



ANNUAL CONSUMPTION OF COAL FOR GAS PURPOSES 

IN THIi: UNITED KINGDOM. 

It is estimated that the present (1883) annual consumption of coal 
for the manufacture of illuminatirg fjas in the United Kingdom is 
about 10,000,009 tons ; about 2,000,000 tons (or 20 per cent.) of this 
quantity being cannel coal. 



AVERAGE YIELD OF BITUMINOUS COAL. 

The average percentage yield, by weight, of good bituminous coal, is 

AS follows : — 

Per Cent. 

Gas 16 

Coke and Breeze 68 

Tar 4f 

Ammoniacal Liquor 7^ 

Residue, Ash, &c 3| 

100 



FOB ROUGHLY ESTIMATING THE AMOUNT OF COAL OK 
CANNEL REQUIRED TO PRODUCE A GIVEN QUANTITY 
OF GAS. 

RuiiE. — Strike off the last four figures from the quantity of gas pro- 
duced, and the figures remaining will represent the coal and cannel in 
tons. 

Thus : 2010,000 cubic feet = 20 tons. 

This will be evident when it is remembered that a ton of coal or cannel 

? reduces about 10,000 cubic feet of gas. If the production rise to 
1,000, or fall to 9000 per ton, one- tenth must be deducted from, or 
added to, the coal, as the case may be. 



COAL AND CANNEL SHEDS. 

In gas making it is economical to use the coal as fresh as possible 
from the pit, but, to be prepared for emergencies, the covered storage 
room for coal and cannel should be of capacity sufficient to contaui 
from six to eight weeks' stock of the material, reckoned on the basis of 
tiie heaviest &y's consumption in winter. An exception to this rule 
may be made in the case of gas-works situated in the immediate 
Ticmity of the coal fields from whence the supply is derived. Under 
such cmjumstances, provision for two or three weeks' stock is ample. 

All kinds of coal suffer deterioration by exposure to the \vft«.t!^fcv , 
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both as regards their heating, coking, and gis-yielding qualities. 
The extent of this deterioration is from 20 to 60 per cent, within a 
period of a few months. An absolute loss of weight, due to the 
evaporation or slow combustion of the more volatile constituents, is 
also experienced. This is particularly the case with bituminous or 
caking coal ; cannel suffers next in degree, and anthracite the least. 
Varrentrapp found in one instance that coal which had been exposed 
for some years to the weather had diminished in weight to the extent 
of 3803 per cent. 

Wet or damp coal not only yields less ^s, but gas of an inferior 
quality . The sulphur impurities given on from it are more, thus 
augmenting the cost of purification ; whilst some of the sulphur com- 
pounds — notably, bisulphide of carbon— are not removable, except by a 
greatly increased area of purification, beyond what is to be found at 
most gas-works. 



SPONTANEOUS IGNITION OF COAL. 

Coal containing a large proportion of iron pyrites (bisulphide of iron), 
commonly called " brasses," when stored in a compact mass in a wet or 
humid state, is liable to spontaneous ignition. Notwithstanding a conflict 
of opinion on the point, we believe that the best remedy for this is ven- 
tilation. Various expedients are resorted to for effecting this object, 
amongst which may be mentioned the insertion of perforated iron 
pipes amongst the coal, leaving the ends exposed ; coarse wicker-work 
baskets, without bottoms, are used with good results ; and ventilating 
shafts of brick, or venetianed shafts of wood, both horizontal and ver- 
tical, have proved efficient. A thermometer let down through tiie 
pipes or shafts will indicate any rise of temperature, and iron rods 
thrust into the mass of coal, when withdrawn and touched by the 
hand, will answer the like purpose. 

When the pjrrites are present to a serious extent, the coal should be 
hand-picked, either at the colliery or when discharging at the gas- 
works. It is only sheer necessity, however, that will justify tiie 
employment of doal of this character for gas-producing purposes. 



THE GASES OCCLUDED IN COAL. 

Besides the liability to spontaneous combustion or ignition, there is 
another strong reason why coal should not be stored for a longer time 
than is absolutely necessary. In all bituminous coals a constant 
ohemicaJ change is in progress by which gas is being liberated. This, 
though frequently several times the volume of the coal, is condensed 
within the solid substance, being occluded or enclosed therein, until 
by diffusion it escapes into the air, and to such extent the coal is 
depreciated for gas making. In warm weather and in hot climates 
this deterioration proceeds more rapidly than in low temperatures. 

Dr. Lyon Playfair and others in this country, and Dr. E. Von Meyer 

in Germany, have investigated the subject, and the subjoined table by 

the latter snows the quantity and composition of the gas so occladed, 

obtained from freshly raised samples of coal submitted to him for 

Aoalysle. 
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The plan adopted was to place 100 grammes of the coal in hot 
de-aerated water, which was tnen boiled as lonf as any gas continued 
to be given off, and the gas collected was analyzed by Bonsen's methods. 



Samples of Coal Svhmitted, 



Fathoms 

from 
Sorfaoe. 



No. 1. Low Main Seam, Bewick Colliery, Newcastle . . 
2. Bdbbudlin Seam, ditto ditto . . 

8. Main Coal Seam, Urpeth Colliery, ditto . . 
4. Five-fourth Seam, ditto ditto . . 

6. Ditto Wingate Grange Colliery, Durham. 

6. Low Main Seam, ditto ditto 

7. Harvey Seam, ditto ditto 

8. Ditto Emily Vil, Woodhouse Close Colliery. 

ANALYSIS. 
Percentage CosfPosinoN of the Gas. 



80 

74 

108 

148 

25 





1 


CH4 






Cabio 
Centimetres 


Coal as 


COi 


Marsh 


o , 


N 


of Oas from 


above. 


1 

1 


Gas. 






100 Grammes 
of Coal. 


No. 1. . . . 


6-55 ' 


6*52 


2-28 


85-66 


25-2 


a . . . 


8-54 


26-54 


2*95 


61-97 


80-7 


a . . . 


20*86 


• • 


4-8S 


74-81 


27-4 


4. .. . 


16-51 


Trace. 


6-66 


77-84 


24-4 


& • • • 


0-84 


85-80 


Trace. 


18-86 


91-2 


a . . . 


116 


8404 


0-19 


14-62 


288-0 


7. . . . 


0-28 


89-61 


0-56 


9-61 


211-2 


a . . . 


6-81 


6001 


0-68 


44-06 


84-0 



1 cabio centimetre = 610*28 onbic inches. 
1 gramme = 0-00221b. avoirdnpois, 100 » 
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RETORT HOUSE. 
Dimensioni. 



For a sinffle bench of retorts — 
Width inside. 80 feet. 
Height to wail plate, 20 feet. 
For a double bench of retorts — 
Width inside. 60 feet. 
Height to wall plate, 26 feet. 
Wrought-iron trussea roof, slated, tiled, or covered with corrugated 
galvanized iron sheets, with ventilator. 

The ventilator should extend from one end of the building to the 
other, and be of ample capacity. Suitable openings should be eft in 
the walls, above the height of the retort-bench, for the admission of 
air and light. Ventilating tubes or towers may be used alone or in 
coneotion with the louvre ventilator. They are efficient, and present 
a spod appearance. 

Corrugated-iroB sheeting, bein^ lighter than slates or tiles, admits 
of the prineipals' being placed wider apart, so reducing their number. 
The first cost of a roof of this desoriptioii ia \e%^\ \V> ^& ^«^^ W&&rNk^ 
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by wind, but its dnrabilit; is inferior to n slated mot. The sbeetB Hbonld 
not be thiuaer than No. 18 gauge. 

The desr space in front of a, retort-benoh ebould not be less than 
20 feet. When it is intended to employ machinery for charging iind 
drawing. 22 feet ahoold be allowed. 

About e feet of the width of Uie Soor, immediately in front of the 
bench, way be paved witli fire-bricks set on ed^ ; the remainder of the 
floor flag(red.wlth 4-incb Sees, Blue Staffordshire brioke or tiles, 
4 inches. thick, make &n excellent paviug for a retort-honae floor, and 
when these are. used, the fire-bnaks in front of the benoh ma; be 
dispensed witi. 

A Bligbt, indication I say 6 inches in the whole width, iowarda the 
bendi should be given to the floor. This allows the waste water from 
the staked coke to run into the ash-pana, and is also handier for the 
stokers in charging. 

A stage floor retort-house coste in erection from 60 to 7G per cent, 
more than a grouiid floor booae (dependent on the character of the 
site and subsoil) ; but it can be worked with more economy, and the 
■dvautages it offers for the removal of the coke, the application of 
generator furnaces, and in other ways, are very great. In all cases 
where the site naturally favours this form of construction, it should be 
■dopted. The staee floor la nsnally formed of cast-iron plates, laid o 



oolunms. 

THE EETORT STACK, 
This necessarily Tariea in size and mode of oonstmotion according 
to the number of retorts the r dime a ons a d arrangement; in the 
aettrnft The following details w 1 be found adequate for the erection 
of a stack w tl benches of seven laree retorts o( any shape and either 
single or throughs set as shown in F g 2 
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1. wide, 8 leet high from floor line, uid SO feet 



The oTciiB ure 8 

tbroagh, inaide m 

Height to top of bench, lOfl. Sin. 

EzonTation for bench, 3 feet deep. 

Place therein bed ol hydraulic lime concrete. 14 inches thick. 

Upon this bnild the brick footings of the diTision walli of ove 
good hsrd comiDoii bricks, set iu lime mortar. 

When these are built, OU up between with a further layer of cod 
13 inches thick. 



H 



@ "a 
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Division walls of ovens above footings, 18 inches thick, built of best 
fire-clay bricks, set in fine, well-tempered fire-clay. 

Floor of ovens paved two courses on edge with fire-bricks set in fire- 
clay. 

Arched roof of ovens, 14 inches thick, formed of three rings of fire- 
bricks moulded to the proper radius set in fire-clay. 

Two flue-holes in crown of arch, 12 inches square, communicating 
-with main flue on stack. Damper tiles to be provided for these, 
27 inches long, 16 inches wide, 3 inches thick. 

End or buttress walls of stack, 3 ft. 4^ in. thick, of common bricks, 
built in with the fire-brick work of stack, and faced with fire-bricks, 
laid in good lime mortar. 

The whole of top of stack haunched up five courses above the top of 
the arches, so as to make the total height of 10 ft. 3 in. from floor line, 
of good condmon bricks faced with fire bricks, laid solid, with close 
joints, in good lime mortar. Finish with cornice or coding q,s desired. 

Double main flue on the stack, built of fire bricks, set in fire-clay, and 
continue to the opening provided in the chimney. Dimensions of each 
flue, not less tluin 30 inches deep, 16 inches wide, inside measure. 
Outside walls and division wall, 9 mches thick, covered with fire-clay 
tiles 2 ft. 4i in. wide, 4 in. thick, rebated at joints. 

Buckstaves of wrought-iron, either rolled girder (Fig. 3) or rail-iron 
(Fig. 4), or, what is still better, formed of two flat-iron bars 6 inches wide, 
and 1 inch thick, with five cast-iron distance pieces between (the upper 
one being square in form), through which the plates are rivetted 
together with J in. rivets (Fig 6). 

The boss. A, with hole therein is intended to receive the wrought-iron 
pipe, 1-inch diameter, leading from the 3-inch water main on the top of 
the retort stack. To the end of this pipe a brass swivel is attached, and 
from this again a piece of 1-inch steam tubing, 11 inches long, projects, 
having a brass swivel cock at its end; a tube S o^ ^^ iiioh diameter 
is screwed thereto, and terminates in a 4-inch brass rose jet, through 
which water is discharged for slaking the coke as it is drawn from the 
retorts (Fig. 6). 

Tie rods of li inches square bar, or 2 inches round-iron; screwed 
6 inches at each end, and furnished with Bticong hexagon! nuts and 
washers. 



RETORTS. 
Materials of which ^Retorts are made, 

l%e materials of which retorts for the distillation or carbonization 
of coal are made, are fire-clay and iron exclusively. 

In the early days of gas lighting, and for maby years after, cast-iron 
retorts only were used. 

The fact of the iron retorts not being capable of standing a heat 
sufficiently high for the distillation of coal in the most economical 
manner, and their liability to rapid oxidation, and even fusion, in the 
furnace, operated to cause the adoption of clay in the manufacture of 
retorts. 

The clay retorts, in the face of much prejudice and opposition, 
j^rAdually advanced in popularity as their merits became known, until, 
at the present timSf their use is all but general. 
Sin0e clay reiiortB are burnt better and more uniformly when the 
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ends are left open in the liiln ; Uie baoka &re eaaily jointed in satting— > 
care being token to butt thum dose up agaittst the mid wall. 

Clay TBlorto when onoe heated do not bear "letting down" aad 
" standing oft" like thoee nude of cnBt-iron, owing to their li&bility to 
Orack when cooling ; and for this reason a setting of one, two, or three 
iron retorta is nsetul in very wmall works during the minimum gaa 
production in the eommer eeaaoD. 

Diff&rent Forme of Betorti. 
made of three diflereot ahapes — viz., ronod, oval, and 



. , ear-shaped, and kidi . 
Uiped retorts were made, but these are now entirely discarded. 
The connd, by reason of its shape, ia the stroiigeat and most durable; 



o the oval and!) as 

The oval ranks next to the round in strength and durabiUty, and 
Bioeeds it in carbonizing capabilities. 

The D is the shape moat commonly in use, and is oonsidered by 
many gas managers to be eq.ual to the oval as regards its power of oar- 

Aitec a lengthened experience in the nse of both round, oval, and 
D-ahaped retorts, the writer prefers the oval, an being the moit eS- 
eient and economical, producing daring ita lifetime by lar the greatest 
quantity of gas. 




Daraii(m of Clay Btioria. 

The duration of olay retorts of course greatly depends on the settiEig. 
When the lower retorts in an oven are properly and continuonaly pro- 
toctod by seating tilee or brick arches from the direct action of -the 
tomace, the settmg will laet from three to f out years ; otherwise — and 
this is nearer their average life — they will be burnt out in 16 to 18 
months. 

Id moderate sized and in large works, each single retort should be of 
Bofflcient capacity to hold a charge of from 2} to S owt. of coal. And 
if Newcastle, or other caking coal of fair quality, is used, with five or 
six hours' charges, the yield of gas per monthpieoe ahould be at the rate 
of 6500 to 6600 cnbio feet per diem of 24 hours. 

Now, 18 months' continuous production, at the average rate of, say, 
6600 cubic feet per mouthpiece per day of 24 hours, is equal to a total 
prodaotioD of about 3,000,000 cubic feet of gas. 

For olay retorts tJie heat generally ranges from 3010° Fohr. (oraii^) 
ft UtUe Inwards. 
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Dimensions of Clay Betorts. 

Clay retorts are usually made 2| to 3 inches thick, the flange to which 
idle mouthpiece is holted being 4 inches thick and 8 inches broad, the 
neck tapering down to the thickness of the body. 

The following are useful and convenient sizes of clay retorts : — 
Bound . . . 16in. diam. ] 

Oval . . 21 X 15 in. „ - Inside measure, and 9 ft. 4 in. long outside. 
D-shaped, 18 X 15 in. „ j 

The weight of a clay retort of the above sizes is from 14 to 16 cwt. 

For very small works the following sizes are more suitable : — 
Bound . . . ISin.diam.f 

Oval .. 18 X 12 in. „ [inside measure, and 7ft. 6 in. long outside. 
D-shaped, 16 x 14 in. „ J 

"Through'' Betorts. 

" Through," or double clay retorts, with a mouthpiece at each end, 
are made 18 to 20 feet long, being jointed together in three or four 
pieces. 

The advantages gained in using this kind of retort are important. 
The accumulation of carbon is less, owing to the absence of bac^s. 
The current of air which is drawn through their interior every timue 
they are charged tends to loosen any carbon deposit that takes place. 
More heating surface for carbonization is obtained without additional 
expense, and that in the hottest part of the oven ; they are also drawn 
with greater facility. 

As they require to be drawn and charged at both mouthpieces simul- 
taneously, they cannot be worked in establishments where the stokers 
are fewer than six in number. The scoop, as a rule, is used in charging 
these retorts. 

Fire-brick Betorts and Ovens. 

Betorts and ovens made of fire-bricks and tiles, joined or grooved 
together with clay, are in use ; but their general economy as regards the 
percentage of fuel required for heating, is not considered equal to that 
of the ordinary clay retorts In the matter of durability however, brick 
retorts possess a clear advantage, their life being three to four times that 
of the other ; and though their first cost is more, this is compensated 
for by the saving in wear and tear. Fig. 8 is a section of a brick retort. 

■ ^ 



jn 




Lr 



Lr 



Fig. 8. 

A is the bottom tile, 18 inches long by 3i inches thick, and B one of the 
bricks 9 inches by 3J inches. 
Large ovens, 4^ to 50 inches wide, axe objectionable for many reasons x 
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A large area is exposed to the cold air every time the charge is drawn, 
and the time occupied is necessarily considerable. Again, there is a 
tendency to allow carbon to accumulate in the ovens, because in the 
ample space ihe inconvenience of the presence of a thick body of 
carbon is not felt by the men in drawing and charging. If the required 
temperature, however, is kept up under these circumstances, it must 
be at an excessive expenditure of fuel and labour. The greater depth 
of the coal, and the consequent inequality of carbonization between the 
inner and outer portions of the charge, is also a serious drawback to 
their nse. 

Hints on the Setting of Betorta. 

. The joints of the brickwork in a setting of retorts, should be as close 
and fine as it is possible to make them. Each brick should be dipped 
in water, placed in its position, and then gently, but firmly, beaded 
home with the hammer. 

The cutting heat from the furnace can be avoided, or greatly modi- 
fied, by having ample nostrils in the furnace arch. 

A setting should never, when it can be avoided, be brought into use 
immjediatel]^ on completion, as the application of strong heat to tiie 
damp clay is liable to crack the joints of the brickwork, and so hasten 
its destruction. 

The setting ought to be allowed to stand at least 14 days, in order 
that it may be gradually and thoroughly dried and hardened. 

Quantity of Brickwork in Betort Settings. 

The retorts in a setting should be firmly supported by transverse 
walls, so that they may satisfactorily bear the wear and tear of work- 
ing daring the time they are expected to last. It is an error to suppose 
jQiat the brickwork causes a diminution in the heat. Take the case of 
two benches of retorts set : the one with as much brickwork as is 
required for proper support without obstructing the draught, or unne- 
cessarily covering the retort surfaces ; and the other having the least 
possible quantity of brickwork, supporting (say, for example,) the 
retorts only at their extremities. In getting these benches in action 
for the first time, there can be no doubt the latter would be the first to 
attain tiie desired temperature ; but although the former would require 
a little longer time, and the expenditure of more fuel at firsts the 
superior regularity of its action over the other in distilling the gas 
from coal will scarcely be questioned. 

No doubt the thinner the retorts themselves, compatible with 
strength, the better, so that the heat may the more readily pass to 
their interior. But the circumstances attending the retort as the 
vessel containing the material for distillation are not to be confounded 
with those appertaining to the adjacent brickwork. This, of course, 
need not be more than is reasonable, but it is better to err on the side 
of excess than too little. 

Clay retorts are best 2i to 3 itiches in thickness, according as they 
are made by machine or by hand, and the chief point to be observed in 
setting them, is to let the heat have free scope for circulating through- 
out the oven. With this object in mind, there should be no mistaken 
contraction of the nostrils leading out of the furnace ; it is here where 
the evil in some settings exists, obstructing the passage of the heat 
as it is generated, and hastening the destruction ol tiVie i\]LtTi«.Q^\k^^. 
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Clay retorts, 9 ft. 4 in. long, are adequately supported by four trans- 
verse supports, in addition to the back ledge and the front wall, 
and only one of these four need be 9 inches thick. With a setting of 
this description, having ample space left for the exit of the heat from 
the furnace into the oven, and through the flues, the best results, both 
as regeurds heating and economy of fuel, are obtained. 

" Gcdtvng " JRetorta, 

On putting an oven into action, the heat should be applied gently at 
first, the damper being gradually opened a little more each day, until 
the proper temperature is attained. 

When the retorts have reached a dull red heat, a light charge of coal 
thrown into them will assist the development of the required tempera' 
ture, as well as tend to preserve them in good condition. 

By carefully attending to these points, the cracking of the clay re- 
torts on first " gaiting " may be entirely avoided. 

Flues and Draught, 

For a double bench, containing 10 or 12 ovens on each side, the main 
flue should also be double, and the internal dimensions of each division 
not less than 30 inches in depth by 15 inches in width. For even a 
lesser number of ovens the size of the flue should not vary greatly from 
the above. 

An insufficient draught, whilst it invariably results in diminished 
heats, causes a waste of fuel, from the consequent incomplete combus- 
tion in the furnace, and the usual hard firing that accompanies it. 
The flame which is occasionally seen at the top of a retort-house 
chimney is significant of this defect. The flame is produced by the 
unconsumed carbonic oxide uniting with its due proportion of oxygen 
on coming in contact with the atmosphere, and by combustion bemg 
converted into carbonic acid. When the proper quantity of air is 
supplied to the furnace, the carbonic oxide produced is there converted 
into carbonic acid, and the heat thus generated is utilized for the dis- 
tillation of the coal contained in the retorts. 

An excessive draught through the ovens is to be avoided, as well as an 
obstructed one. If too much air is drawn in through between ^e 
grate bars, its effect is to reduce the heat, as well as to cause the con- 
sumption of an excess of fuel. Hence the importance of being able to 
control the draught by means of a damper placed at the entrance of the 
cross flue into the main flue on the bench. 

According to the experiments of Dulon^, 
1 lb. of hydrogen, burning to water, yields 62,635 units of heat. 
1 lb. of carbon, burning to carbonic acid, yields 12,906 ditto. 
1 lb. of carbon, burning to carbonic oxide, yields 2496 ditto. 
1 lb. of carbonic oxide, burning to carbonic acid, yields 4478 ditto. 

Note. — The standard unit of heat is the amount of heat necessary to 
raise the temperature of a pound of water 1° Fahr. 

As a rule, when firing with coke, cleaning off the fire bars once in 
12 hours is sufficient. Too frequent cleaning entails a waste of coke^ 
besides reducing the heat of the oven. 

Instead of the tall chimney-stalk at the end of the retort-house, it 

has become the custom to erect chimneys or shafts of less altitude 

immediately over the bench, or between the benches, and rising a few 

feet above me roof, each serving for four or more double ovens on either 
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side. These are found to j^roduce a sufficient draught, they are more 
uniform and regular in their action, and their cost is necessarily less. 
But as they deliver the products of combustion into the atmosphere at 
a low level, their use should be restricted to neighbourhoods wh^re the 
nnisance is unobjectionable. 

When the room can be spared, it is best to erect the chimney between, 
and apart from, the retort-benches ; so that when the latter need to be 
taken down and rebuilt, the chimney, being a more permanent structure, 
remains undisturbed. 

In some works each bench is supplied with a small shaft for its own 
use. This is scarcely necessary, though Mr. Yalon has found the 
arrangement useful in the facili^ it affords for controlling the draught 
where generator furnaces are used. 

In many American gas-works the main iiue and chimnev are dispensed 
with altogether, the opening in the crown of the benon being found 
sufficient, it is said, to afford tiie requisite draught. Even assuming 
the draught to be ample for ensuring peHect heating and carbonization, 
^i^iich may be doubted, the objections to allowing the hot fumes to 
escape into the retort-house underneath the roof, are sufficiently obvious 
to cause the practice to be condemned. 

BuiiE for size of retort-house chimneys under 70 feet in height: 
1| square inches of area for each lineal foot of retort, or, say, 15 inches 
per mouthpiece. 

Example. — Bequired the internal sectional area of a chimney shaft 
serving 12 double oenches of 7 retorts, or 14 mouthpieces, each (6 benches 
on each side of chimney); retorts 20 feet through, total, 168 mouth- 
pieces. Then 

168 X 16 = 2620 irrc * 4. 

^ " _r.*r = 17-6 square feet area. 

144 

Dimensions for a setting of 3 large sized clay retorts, 8 ft. 6 in. long :— ' 

Width of oven, 6 ft. 2 in. ; height, 6 ft. 3 in. ; depth. 8 ft. 7 in. 

Width of furnace at grate bars, 9 in. 

Width of furnace at springing of arch, 16 in. 

Length of furnace, 30 in. 

Height from floor level to underneath the flanges of the two 
bottom retorts, 2 ft. 3 in. 

Number of grate bars, 2; 30 in. long each, made of 2 in. square 
bar-iron. 
Dimensions for a setting of 5 large sized clay retorts, 9 ft. 4 in. long :— » 

Width of oven, 8 ft. ; height, 7 ft. 4 in. ; depth, 9 ft. 6 in. 

Width of furnace at grate bars, 10 in. 

Width of furnace at springing of arch underneath the middle 
retort, 18 in. 

Length of furnace, 30 in. 

Height from floor line to underneath the flanges of the bottom 
retorts, 2 ft. 8 in. 

Number of grate bars, 2 ; 30 in. long each, made of 2 in. square bar- 
iron. 
Dimensions for a setting of 7 large sized clay reterts, 9 ft. 4 in. long :-^ 

Width of oven, 8 ft. 6 m. ; height, 7 ft. 10 in. ; depth, 9 ft. 6 in. 

Width of furnace at grate bars, 12 in. 

Width of furnace at springing of arch, 20 in. 

Length of furnace, 36 in. 

Height from floor line to underneath flanges of two bottom retorts, 
16 in. 



US 
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Namber of grate bars, 3; 36 in. long each, made of 2 in. sqnare bar- 
iron. 

To prevent radiation, the front wall of the oven should be a brick 
and a half, or 14 inches, thick. The division walls between the ovens, 
2 bricks, or 18 inches thick. The back wall, when the retorts are not 
"*' throughs," a brick and a half, or 14 inches thick. 

Furnace Ash Pan. 

Ash pan of wrought plate-iron, 6-16ths inch, or oast-iron, 7-16ths inch 
thick. For a setting of seven large retorts, the length over all is 6 f.eetj 
or 4 feet not including the mouth part ; 12 inches wide, and 10 inchei 
deep, outside. (Fig. 9.) 




Fig. 9, 

The pan should always be kept charged with water, the steam arising 
from which tends to preserve the furnace bars by keeping them cool ; 
and, being decomposed in passing through the hot fuel, increases com- 
bustion. 

Cost of Ovens and Settings. 

The cost of a double retort-bench, with ovens to contain settings of 
five or seven clay retorts (whether single or double), including hydraulic 
main, stand-pipes, and all other ironwork, retorts, brickwork, and labour, 
amounts (at present prices) to from i620 to d626 per mouthpiece. 

The cost of renewing an oven of five or seven clay retorts is £7 lOs. 
to ^9 per mouthpiece.. An oven of three clay retorts, about ^6 lois. per 
mouthpiece. 

Oast-Iron Betorts. 

Cast-iron retorts are now only employed in very small works, where 
the gas making is intermittent; here they are useful, as they bear 
letting down frequently without suffering damage. As carbonizers 
they are not economical, because the heat which they will stand is not 
high enough to produce the best results in the yield of gas from the 
coal. They are usually made 1% inch thick, with an ordinary fiange to 
which the mouthpiece is attached. 

The round, 15 inches diameter, and D-shaped, 15 X 13 inches, are the 
handiest, and 7 ft. 6 in. is a convenient leilgth. Their weight is 16 to 
18 cwt. Fraser's ribbed retort (Fig. 10) is an improvement on the 
ordinary form* 




Fig. 10. 
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Iron retorts should always be sonrfed before being let down, other- 
wise the unequal contraction of the incrusted carbon and the metal 
of the retort in cooling might cause the latter to be broken in two. 

The duration of an iron retort is equal to the production of about 
700,000 to 800,000 cubic feet of gas. 

The best heat for iron retorts is that ranging from 1660° Fahr. (cherry 
red) to 1830° Fahr. (bright cherry red). Any temperature beyond this 
is apt to bum or soften, and so cause distortion of the retort. 

Fire-clay tiles are invariably used to protect iron retorts from the 
direct action of the furnace heat. 

In setting iron retorts a space of about B inches should be left in the 
rear, to allow for the expansion of the metal, and prevent their being 
forced out beyond the front wall, with the possible breakage of the 
ascension pipes. 

Combined Settings of Clay and Iron. 

In some works, combined settings of clay and iron retorts are used, 
the latter being heated by the surplus lieat from the former. The 
benefits arising from their adoption are questionable. 

Usual Number of Be forts in an Oveju 

In average sized works, settings of Hvc and seven retorts are usually 
adopted. In some of the large metropolitan and provincial works as 
many as 10 are placed together in one oven, with an elevated travelling 
stage in front, from which the higher retorts are drawn and charged. 



FUEL FOR CARBONIZING. 



In moderate sized works, skilfully conducted, about 3J cwt. of coke, or 
25 per cent, of the production (say 18 cwt.) of coke per ton from New- 
castle and other high-class bituminous coals, is used as fuel to carbonize 
one ton of coal. 

In large works, imder the most favourable conditions, and with the 
ablest management, the consumption of coke for heating the ovens 
may be reduced as low as 18 to 20 per cent, of the production. 

In small works, one-third the production of coke is nearer the aver- 
age consumption. 

For the heating of brick ovens, 10 to 16 per cent, more fuel is used 
than is required for clay retorts. 

Radiation from the bench is reduced, and fuel economized to an ex- 
tent greater than might be supposed, by temporarily bricking up the 
furnace doors and the mouths of all retorts in beds not in use, in 
proximity to others in action. 

Tar as Fuel. 

Where tar is unmarketable, or but of low value, and there is a ready 
sale for coke, as is the case in some foreign towns, the former should 
be employed in heating the retort ovens. 

Its application is exceedingly simple. When applied to an ordinary 
furnace, tiie ash-pan is first filled up with breeze \ '^^ ^^^st Ss^ \^«5o. 



60 NEWBIGGING'S HANDBOOK FOB 



removed, and the door space bricked up, leaving two holes, one above 
the other, about 4 by 3 inches. The tar is supplied through the top 
hole, the bottom hole being for the admission of air, and to allow of 
the fbre being stirred when required. A piece of 2-inch angle-iron, or 
other convenient channel, is inserted into the iumace through the top 
hole, and down this the tar is made to flow in a stream about 3-16ths 
of an inch thick. 

The tar can be taken direct from the hydraulic main, in the bottom 
of which a 1-inch wrought-iron ferrule, having a stop-cock attached, is 
screwed. A §-inch reducing coupling is then put on, and this size of 
pipe brought down to the side of the oven, where the tar is supplied to 
the trough through a nozzle of the proper dimensions. 

As the hydraulic main will not supply all the tar necessary, a pipe 
should also be brought from a tank or cistern erected in some con- 
venient place outside the retort-house. If this tank is placed inside 
the retort-house, the dust arising from the coal mixes with the tar and 
hinders its flow. Into this tank a supply of tar should be pumped 
from the tar well as required. 

The great objection k> the use of tar as fuel, as above applied, is that 
the intense heat which is generated at the point of combustion, soon 
destroys the arch or tiles underneath the middle retort, breaking the 
latter down. 

As this retort, in the ordinary setting of flves and sevens, is the one 
usually flrst burnt out, it is advisable to restrict the use of tor to those 
ovens that have been at work for a length of time, and in which the 
middle retort is either much burnt or already destroyed. 

To obviate the above-mentioned drawbacks, Mr. George Anderson 
has invented a furnace specially adapted for the consumption of tar as 
fuel, which admirably answers the purpose intended. 

About 60 gallons of tar used as fuel will carbonize 2J tons of New- 
casde coal, or a mixture of Wigan coal and cannel, in 24 hours. 

At this rate about 6 gallons of tar are equal to a sack (3 bushels) of 
coke. 



EEGENERATIVE AND GENERATOR FURNACES. 

The use of gaseous fuel for heating retorts is fast emerging from the 
experimental stage. On the Continent more has been done in this 
direction than in this country, stimulated, perhaps, by the compara*. 
tively higher value of fuel there. Mr. Webber and Mr. G. E. Stevenson 
have done much to spread a knowledge of the value of these furnaces 
amongst the gas engineers of this country. 

From a scientific point of view, regenerative and generator furnaces 
have everything to recommend them. The saving in fuel by their 
adoption is variously estimated at from 10 to 30 per cent, on the best 
results obtained by direct coke firing. But they offer other marked 
advantages. " Clinkering" is avoided, and consequently wear and tear of 
settings is reduced ; the heats are higher and steadier, and being more 
easily regulated, they save manual labour ; the charges in the retorts 
are carbonized more rapidly, and thus the production of gas per 
mouthpiece is increased, and retort-house space economised. 
In the regenerAiiwe furnace, of which Dr. Siemens's is the first and 
best exAinple, the solid fuel, whether coal or coke, is converted into a 
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cnide ffas, chiefly carbonic oxide, before combustion; and the waste 
heat, alter it has done its work in the oven, and which in the ordinary 
fomace is allowed to escape np the chimney, is transferred to the 
combustion chamber. 

In the generator furnace, the solid fuel is also converted into carbonic 
oxide gas, but it differs from the regenerative system in this important 
partioalar, that the gas produced is mixed with the entering air whilst 
the latter is at the ordinary, or at but a slightly higher temperature, 
unassiBted by the waste heat from the flue. In some instances where 
the air is heated, the heat is derived from the active heat within the 
furnace, and so to this extent detracts from the heat within the setting. 
Combustion is therefore less rapid and perfect, and the saving of fuel is 
not 8o marked as in the other instance. 

There is quite a variety of generators in actual use, and though they 
vary in the details of their construction, and in their position either 
within the arch of the retort bench, or outside of it, the principle of 
action in each is identical. 

The following are the chief generators : Siemens's ; Liegel's, the latter 
well known from the description given of them by Mr. G. E. Stevenson, 
who introduced them into this country; Hasse's; Oechelhauser's ; 
Schilling's ; Dietreich's, in use in some American gas-works ; Klonne's 
and Liivesey's, the last-named being in successful operation at the 
South Metropolitan and other gas-works. 

Mr. Webber gives the following concise description of generator fur« 
naoes (" King's Treatise," vol. iii., p. 379 et seq.) : — 

" There is much difference in the details of generator furnaces as at 
present constructed by various engineers, but their main features are 
always alike, and are remarkably simple. The usual form of the gene- 
lator itself is that of a kiln, generally sunk underground or beneath the 
level of the charging floor of the retort-house ; the capacity of the kiln, 
of course, varving with the amount of work it is intended to perform ; 
but it is usually about one and a half diameters in height. The form 
of cross-section of the generator may be either rectan^ar or round, the 
former being easier of construction, although, according to Grahn, the 
latter gives better results. The generator is fed through a hole in the 
top, covered with an air-tight cap. The gas is usually taken off by an 
opening near the top. The lower part of the generator, in which the initial 
combustion commences, is subject to the greatest wear, especially from 
the formation of clinker. The air is admitted either by a grate at the 
bottom of the generator, as in an ordinary furnace, or by openings in 
tiie brickwork, which may be either at the sides, or in the bottom — 
which in that case is tapered down to the size of the opening — or by a 
combination of the two, as designed by Liegel, who puts a flre-grate 

undcomeath the opening in the bottom of the (2[enerator 

The generator should Be lined with at least 9 mches of the best fire- 
bricks, between which and the surrounding walls of common brick- 
work, about 18 inches thick, a space of about 6 inches is left to be 
ftUed with a comparatively non-conducting material, such as asbestos, 
or even powdered fire-bricks, in order to diminish the loss of heat by 
radiation. 

" The gas channel, by which the products of combustion leave the 
generator, varies according to circumstances, from the short connecting 
chamber of Liegel or Livesey, whose generators are virtually one with 
the retort settings, to a pipe of considerable length ; but the former, or 
«ome similar plan, is obviously preferable when, it \& <^QrQ^«GL\«t:^\» \a 
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adopt it. In all cases the passage, when of any length, must be pro- 
vided with a damper. 

" In most cases a generator is about 3 feet to 3 feet 6 inches square, 
which is sufficient for heating two large settings of retorts. For one 
setting half this area will suffice. The body oi incandescent coke is 
usually about 3 feet deep, although it might be reduced to half that depth 
without vitiating the gas produced; still it is best to keep a oon^ 
siderable margin, in order to avoid risk of interruption in working, 
wbdch might otherwise be caused by irregularity in charging the gene- 
rator, which operation would, with the sizes of apparatus above speci- 
fied, oe necessary at four or five hours' intervals. 

" The generator may be situated anywhere in the neighbourhood of 
the retort bench. The furnace gases are admitted to the interior of 
the retort stack, guarded as much as possible from loss of their acc^uired 
heat while in transit, and there mingle with the proper quantity of 
previously heated air, the mixture bemg attended witli instant com- 
Dustion." 



SCURFING RETORTS. 

In the distillation of coal a deposit of carbon takes place within the 
retorts, which, if allowed to go on accumulating, eventually seriously 
contracts tlieir internal area, and causes a diminution in the heats. 

This deposit is due principally to the pressure produced by the 
resistance offered to the passage of the gas through the different appa- 
ratus. 

Its removal bv scurfing with chisel bars in the ordinary way is 
always more or less attended with damage to the retorts ; the more so 
as they require to stand off for 6 to 12 hours, to loosen the carbon by 
the amnission of air, before applying the bar. 

Different methods of scurhng have been tried with varying success ; 
the best probably being that by which a current of air and steam is 
made to impinge upon the carbonaceous deposit. The latter plan is the 
invention of Mr. G. W. Edge, of the Jersey City Gas-Works. The pro- 
cess is thus described by Mr. E. Goddard. 

'^ The apparatus consists of a steam-pipe connected with the steam- 
boiler, and passing along the top of the retort benches, to which is con- 
nected a 1-inch pipe, extendii>g out to the face of the retort mouthpiece; 
to this is connected a ^-inch pipe, having on it a stop-cock and union 
joint to connect and disconnect the pipe readily. 'This steam-pipe 
terminates at the end of a pipe 3 inches in diameter, and about 5 feet 
long, resting on the bottom of the retort, into which the stream rushes 
through a nozzle having a 3-16ths of an inch outlet, at the same time 
drawing with it a current of atmospheric air. A retort-lid is cut out to 
jit closely round the 3-inch pipe. The lid is luted on tight, and the 
plug removed from the top of the ascension-pipe, the retort being at a 
good working heat, and the apparatus is ready to perform. 

" The steam should be used, at a pressure of from 25 to 40 lbs. to the 
square inch. The rush of steam carries with it a current of atmospheric 
air, the cast-iron pipe becomes heated, and the steam and air rushing 
though it become superheated, and thus we have a compound blow- 
pipe oi immense ^ower, the current of which strikes with great ener^ 
on the thick portion of the carbon at the rear of the retort, but wim 
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diminished force as the retoming current partially charged with the 
products of combustion approaches the front end of the retort, where 
the- carbon is thin, in order to pass out through the ascension-pipe. 
If the retorts aure thickly coated with carbon (say several inches thicx), 
on the first application of the apparatus it will require several hours to 
diean them out; .but when the retort is once decarbonized, one hour's 
application every thirty days will be found amply sufficient to keep the 
retort olear of extraneous carbon." 

After all, the best plan of obviating the nuisance is to prevent the 
draosit as much as possible, by minimizing the dip, by employing an 
exnauBter to reduce the back pressure ; and in very small works where 
tiiiB Ib not available, by cleaning the surface of the retorts with a rounded 
steel Boraper every time they are drawn. 
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TABLE OF COLOURS 
Corresponding to various High Temperatures. (Pouillet), 



Fahr. 

Faint red 977° 

DuUred 1290° 

Brilliant red .... . 1470° 

Cherry red 1660° 

Bri(pht cherry red . . , 1830° 

Oimnge 2010° 

Bright orange 2190° 

The effect of a too low heat in the retorts is to diminish the gaseous 
products, the chief result of the distillation being the production of 
tar. 



Fahr. 

White heat 2370° 

Bright white heat . . . 2660° 

Dazzling white .... 2730° 

Melting point of cast-iron — 

White .... 1920° to 2010° 

Grey .... 2010° to 2190° 



TABLE, 

By Miller, exhibiting the amount and specific gravity of the gas 
obtained fit>m two bushels of coal during each of five hours' heating in 
an ordinary retort; showing the importance of restricting the time 
during which the coal is subjected to the action of heat in the manu- 
facture of gas. The rich hydrocarbons diminished, and carbonic oxide 
and hydrogen increased in quantity as the experiment progressed. 





Cubic Feet. 


Specific Gravity. 


In the first hour . 


. . 346 . . 


. . -677 


In the second hour 


. . 203 . . 


. . -419 


In the third hour . 


. . 118 . 


. . . -400 


In the f oorth hour 


. . 64 . . 


. . . -322 


In the fifth hour . 


. . 20 . , 


t • • "~" 



With cannel the carbonization takes place in considerably less time 
thai^ with drdiqiiiy coal. - 



64 



NEWBIGGING'S HANDBOOK FOB 



TABLE 

ExMbiting the Qualities of Gas at Different Periods of Distillation, 

[Dr. Henry.) 

From Half a Ton of Wiga/n Cannel, 





100 Measures 

of Impure Gas 

contain 


100 lieasures of 

Purified Gas 

consist of 


100 Measures 

of 
Purified Gas 


Time from 

Commencement of 

Di8tillati6n. 


Sulphu- 
retted 
Hydro- 
gen. 


Other 

Com- 
pounds of 
Nitrogen 
and Hy- 
drogen. 


Oleflant 
Gas. 


Other 

inferior 

Gases. 


Nitrogen. 


Consume 
Oxygen. 


Give . 
Carbonic 
Acid. 


^ an honr. 
1 honr. 

8 honrs. 
5 „ 

7 „ 

9 „ 

loi „ 

12 „ 


8 
2 

• • 

• • 


8| 
^ 
% 
% 

2| 
2 


16 

18 

15 

18 

9 

8 

6 

4 


64 

77J 

80 

72 

78 

77 

74 

76 


20 

5 
15 
15 
15 
20 
20 


180 94 
210 112 
200 106 
176 94 
170 R8 
150 . 78 
120 64 
82 SO 



From Half a Ton of Common Wigan Gas Ooobi. 



1 hour. 
8 hours 
5 
7 
9 
11 



»» 



»» 



8 


8 


10 


90 


• • 


164 


2 


2 


9 


91 


• • 


168 


8 


2 


6 


94 


• • 


182 


1 


8 


5 


80 


15 


120 


1 


2i 


2 


89 


9 


112 


1 


1 


• • 


85 


15 


90 



91 
98 
70 
64 
flO 
48 



RATE OF PRODUCTION OF GAS 

From 2 Cwr. of Wigan Coal in an Experimental Retort. 

Cubic Feet, 
i hoiir 276 

1 „ 246 

\\ hours 200 

2 , . 140 

2i ,, 80 

3 „ 40 

3i „ 20 

4 ,: 15 

Total 1015 



; itETojiT mOujthpiecbs. 

The following are the details 6f iEb mouthpiece for an oval retort 
^liJ^- hy 15 in., and will serve as a model for any other size and shape 
Allowance being made for varying dimensions. . (See Figs. 11 to 14.) 



OAS BNGINEBBS AND UANAGERS. 



DepUi frctn front to buk, over all, IS in. 
Huckneu of metal in troat portion, | in. 

Ditto in lip, 1 in., and pUiied level. 

Ditto in flange, 1 in. 

Width of Oanga in front, Sg in. 

Ditto at back, 4 in. 
Number of bolt lioles, 8 ; diameter, 1 iu. 
Ear-bos on each side, with alot 2 in. by g in. 
Bodrat, to receive and of aseension-pipe, 5 in, in height, and 6i iu. 

diameter inside ; oentre 6 in, from front. 
Bolts, for BBonring mouthpiece to retort, B; diameter, | in. ; screwed 

and notted at both ends. 
XngB, of wronght-intn, 14 in. long, 3 in. broad, and | in. thick ; one 
wiUi jaws and pin tor hinging oroes-bar, the otber cranked and 
notched, u in Kig. 14. Slit at oppoaite end, 2 in. long, 1 in. wide ; 
wedged to ei- ' — 
Crom-ba 
iin. tl . . 

..--J... n T_j ^fe^gj i,Qig tlin 
oviDw, All in. long, with equal 
Croas-handle, 11 in. long, i ii 
Lid, 1 in. thick. pl^«-iiou, dished, with lug on each aide. 
Variona dericea for dispeneitig with the screw and its slow actian 
have been introdnoed. Amongst these, Boi'a retort^Ud faBlenec, made 
by Geo. Waller and Co., and Storer and Fugh'a lever handle may be 
■peciaUy named. 
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CEMENTS FOR JOINTING RETORT MOUTHPIECES. 
For clay retorts — 

Three-fourths by weight of fire-clay. , 

One-fourth by weight pf iron bcningB. 
When ready to connect, mix with aminoniaoal water. Use no pulphur. 

20 lbs. gypsum (sulphate of lime) made into a pulp witli water. 

10 lbs. iron borings saturated with a strong solution of sal ammoniac. 
Mix well together till of a consistency fit for use. 

In fixing the mouthpieces to clay retorts, the flange or face of the 
retort should be notched all over with a sharp-pointed hammer, or a 
slight channel cut all round (this is best done by the retort maker in 
course of manufacture), for the cement to bed into when the bolts are 
screwed up. 



CEMENTS FOR JOINING THE ENDS OF CLAY RETORTS. 

10 lbs. gypsum made into a pulp with water. 

20 lb. iron borings saturated with a strong solution of sal ammoniac. 

Mix well together till of a consistency fit for use. 
Some engineers use fire-clay alone, mixed with water to the cou- 
sistency of mortar. 

For iron retort mouthpieces — 

2 lbs. fine clean iron borings. 
1 oz. sal ammoniac. 
1 oz. flowers of sulphur. 
Mix together and keep dry. When required for use, add water 
to bring the mixture to a proper consistency. 



CEMENTS OR LUTING FOR BETORT-LIDS. 

Ordinary lime, or spent lime from the purifiers mixed ^itli fire-clay 
or common clay, and worked up into mortar. 
The following makes a tough persistent luting; — 

1 part nme. 

2 parts moulding sand. 
Ground up together, with water, in a mortar mill. 



SELF-SEALING RETORT LIDS. 

The self-sealing retort-lid, invented by Mr. Morton, with Holman's 
eccentric fastener, is extensively used. The lid is not removed from 
the moutiipiece in charging the retort, but swivels round with the 
hinged cross-bar tp which it is secured. It is made in any form to suit 
the shape of the retort, with upturned semicircular edge, faced true. 
This pressing against the flat edge of the mouthpiece, which is also 
/need, makes a gas-tight joint without the intervention of any kind of 
luting. 
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Other BeU-sealioe retort lidH are TiBsie'e, nude witli a steel riUK let 
into a groove in the face of tile mauthpiece; Parlby'ij uid Gnce's, 
hkvinK a projection on the. edge of tile lid fitting into a receoB on the 
Im» oi the mouthpiece; and Somerville'it, wbicli conHixtH in the contact 
of the ontaide ol the rim of the lid with the iiuier conical lip ot the 
. monthpieoe. 



I RETOBT-HOU8E TOOLS. 

Shovels with riveted handlea are not ^ood iti or about a retort-hoiue. 
The heat soon oaueee the wood to dry in, and Che riveCn give way and 
become Jagged, lacerating the banda of the men who line them. 
Soeketea huidleB are mnch the bent, 

A good handy-Bized shovel ior charfnug retorts of the ordinary size 
ia one 16 inobee lon^ by 11 inches wide. Firing shovels (for coke) are 
beat made an inch wider. Botli should ben-ell turned up at the aides. 
For charging through retorts, the 
aooop, Kig. m, is frequently em- 
ployed. 
Other retort-house tools conaist 
the discharging rake. Fig. 17; 
iKitfer, Fig. 10; ash-pan rske, and 
shovel, Figa. 19 and 20; fire tongs. 




■^*^! 



Fig, 31; andpricker.FiB. 22 



p»«e.; 

barrow, Fig. 15, la a naelul and 
_ seniceable adjuuot tr "'- — '-^ 

Fio. 16. houw. 



CHAHGIXG AND DISCHARGING RETORTS BT MACHIKERY. 

The difficult problem of applying machinery to the charging and 
discharging of retorts, ia one wbicli has occupied the minds of gah 
engineere from the ver^ introduction of gas-lighting, sod its solution 
baa been attempted with varying succesa. Out of about twenty dil- 
(eieat conbivancea that have been invented for the pnrpoae, not more 
, Ihau four or five remain in use at the present time, and these only to 

J The hydraulic stoker invented by Mr, W. Fonlis, and the oombiued 
I band and machine stoker of Ur. J. West, are both in use at the Mau- 
diester Corporation Gaa Works. The latter ha« also been adopted at 
Mildatone, Portsea, Ipsnicb, Burnley, and several other works. Mr. 
West has also patented the application of compressed air to t)ie 
propdliDg of his machinery, and thla is succeasfully at work at the 
i&noherter and the South Metropohtsu Gas Works. 

Ur. Warner's machinery is employed at South Shields; and the 
ingenions steam stoker, tbe inveutiou of Mr. A. Q, Boas, ot CinciDnati. 
U!s. America, ia in use at variona works in the Slalea. 

Clegg attempted to perfect an arrangement by which a continuous 
>appl]r and diaobarge was effected, and thoogh be did not anoceed in 
pnidacing an economical and satisfactory apparatua, it is greatly to bc 
dedred ttwt future efforts in the same direction may be crowned with 
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ASCENSION OR STAND PIPES. 

These should not be less than 5 inches internal diameter, with flange 
at upper end. 

Diameter of flange, 10^ inches. 

Bolt-holes, 4 in number, centre to centre across, BJ inches. 

Diameter of bolts, 2 of an inch. 

The best caulking material for ascension-pipes at their junction with 
the mouthpiece socket, is ordinary ground Are clay, or slaked lime, 
made of the consistency of putty. These, when pressed down into 
the space between the spigot and socket, make a perfectly tight and 
durable joint, and are easily removed when the retorts need renewing. 
On the other hand, when the joints are caulked with iron cement, the 
labour in cutting it out and the risk of splitting the socket are con- 
siderable. 

Choking of Aarenaion-Ftpes. 

A8cension-Pii>es oooasionally become choked, to a greater or less 
degree, with tmok tar, pitch, and other carbonaceous matter. When 
this occurs, let as many as can be spared at once stand off for a shift 
(provided the retorts are in condition to admit of this), drawing the 
cnarge, and removing the bonnet or plug from the top of the bridge- 
pipe. The heated air making its way through the smallest aperture 
wul thoroughly clear them of the obstruction. 

Preventive of Choking. 

Keeping the pipes cool is the best preventive of choking. This may 
be aocomplished to a great extent by making the front walls of the 
ovens li bricks thick, bo preventing undue radiation from tlie bench, 
and having the mouthpieces of the retorts so constructed as to allow of 
the pipes standing G or 8 inches away from the front wall of the oven. 



BRIDGE AND DIP PIPES. 

Internal diameter of bridge and dip 
pipes, 6 inches. 

Height of bridge pipe, 16 inches. 

Width, centre to centre, 21 inches. 

Connecting flanges, diameter, 10^ 
inches. 

Bolt-holes, 4 in number, centre to 
centre across, 8^ inches. 

Diameter of bolts, | of an inch. (See 
Fig. 28.) 




"Sici, «L^, 
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HYDRAULIC MAIN. 
Dinienaiona and Form. 

The hydraulic main, as a general rule, even in small works, should 
not be less than 18 inches in width at the water level. 

In section it may be either D-shaped (with the flat side upwards), 
square, oblong, or round. The three former shapes are usually adopted 
in preference to the round, allowing more gas space than me latter. 
(Figs. 24, 25, and 26.) 





Fig. 24. Fig. 26. 

Ths Livesey Hydraulic. 



Fig. 26. 




Fig. 27. 



This, in section, resembles the frustum of a cone, but is slightly 
convex at the sides, and dished at bottom to the extent of 2 inches 
below the end of the dip-pipe. It is smaller, and consequently lighter, 
than the mains generally m use ; but at the water level the area is equal 

to the old forms. The chief object of the 
modification in form is to prevent the accu- 
mulation of thick tar and crystals of ammonia ; 
this is accompUshed by allowing only a shallow 
depth of liquid, and this being kept in motion 
or circulation by the issuing gas, all deposit is 
prevented. (Fig. 27.) 

With the same object in view, Mr. Livesey 

has reduced the bottom space in his existing 

old-fashioned D-shaped mains, by placing 

therein a plate of No. 10 gauge sheet-iron, 

also dished to the extent of 2 inches below the end of the dip ; tiie 

space underneath being first filled up with sand. 

Wrought-Iron Hydraulic Mains. 

Wrou|;ht-iron hydraulic mains, made of 5-16ths of an inch boiler 
plate sides and bottom, and 7-16ths of an inch top, are being generally 
adopted, owing to their lightness and strength, and are an improvement 
on wose made of cast-iron, which are usually 3-4ths of an inch thick. 

Position of ths Hydraulic Main. 

The hydraulic main may be either erected on standards placed on 
the retort-bench; on girders attached to the backstaves, which are 
lengthened so as to reach above the bench for that purpose ; or on cast- 
iron pillars in front, and quite detached from the brickwork. 

When placed upon the bench, it is liable to be disturbed by the con- 

traction and expansion of the materials composing the latter ; and when 

the bench needs rebuilding, it is an obstacle to the progress of the 
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work. On the other hand, when erected on pillars in fi-ont, these 
are sliffhtly in the way, though placed opposite the walls dividing tlie 
several ovens ; and the main itself is more exposed to the heat of the 
dame from the retorts in charging. 

In some instances the hydraulic main is placed against the retort- 
house wall, bein^ supported on brackets or cantilevers attached thereto. 
This plan necessitates a strong wall to bear the weight of the main and 
its contents, and also a long length of pipe overhead, fixed in an inclined 
position, attached at one end by a bena to the ascension-pipe, and at 
the other to the dip-pipe on the main. 

In addition to the hydraulic main, a second main is sometimes laid 
along the bench, and connected to the former at the water level, at 
each bench or oven, by a pipe with a valve upon it for closing when 
necessary. This secondary main conveys the gas and liquid products 
from the retort-house, and admits of the isolation of the hydraulic 
main over each setting of retorts. By this arrangement it is easy, in 
case of any disturbance of the bench through setUement or otherwise, 
to restore the several short lengths of hydraulic main to the true level. 
It may , however, be doubted whether the additional expense the arrange- 
ment involves is compensated for by the advantages which it offers. 

The IXp in the Hydraulic Main^ ami tho Effect of Ket'inng the Gas 

in Contact with the Tar. 

A simple gas is usually described to be a 2)ermanently elastic fluid, 
under the ordinary conditions of temperature and pressure. Coal gas, 
as it is compound in character, does not answer to that description. 
When it has been distilled from the coal by the agency of heat, and 
issues from the retort up the asceusioii-pipe into the hydraulic main, 
there is carried in suspension, along with the permanently gaseous 
fluids, a number of hydrocarbon and other vapours, which condense at 
temperatures varying from about 160° or 140° Fahr. downwards. 

These hydrocarbons contribute largely to tlie illuminating power of 
the gas, and it is therefore desirable to retain them in the permanently 
saseous form. Some of them, especially such as are of the greatest 
density, are reduced to the liquid state by the mere mechanical reduc- 
tion A their temperatiu*e ; whilst others of equal specific gravity, 
and many of those of lower density, undergo a change from the 
gaseous to the liquid condition, by reason of the solvent or absorbent 
ftction of the liquid contents of the hydraulic main, through which, 
by reason of the dip, they have to pass ; or with which, in the absence 
of the dip, they come intimately in contact. The former may be 
classed as hydrocarbon vapours, the latter as gaseous hydrocarbons. 
It is thus evident that tne process of condensation be^ns at the 
hydraulic main, the results there produced materially afiectiug tlie 
quality of the gas. 

Those hydrocarbons that are changed to the liquid form by this 
slight dinunution of temperature, it is probably impossible to retain 
in the gas under any circumstances whatsoever. With the more vola- 
tile, though still heavy, hydrocarbons, the case is different ; the power 
of retaining them in the permanently gaseous form is within the boimds 
of possibility, and these are, therefore, of the greatest interest to the 
gas manufacturer. 

A farther class of hydrocarbons are not liquefied at all under ordinary 
conditions, and there should never be any difficulty experienced in 
keepii^ them in the gaseous state. 
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Of the second class of hydrocarbons, viz., those which, thoti^h of 
high specific gravity, it is practicable to retain in the gaseous form, we 
sliall now speak. Their retention in the gas, and how this is most 
likely to be accomplished — or at least how best to remove all im- 
pediments to that end — greatly concerns the gas-maker. It has been 
assumed that the mere Ireductiou of temperature bet\veen the retort- 
mouth and the hydraulic main will not affect their gaseous condition. 
Under what other circumstances, then, are they condensed in ^e 
hydraulic main, and in the subsequent mains leading to the condenser ? 
The answer is clear, and is what has been already ^indicated, viz., by 
the af&nity which exists between them and the already liquefied hydro- 
carbons present in the mains. 

Some remarkable notes corroborating these views in several im- 
portant particulars are recorded by Mr. W. Young, being the result of 
a number of experiments made by the late Mr. Cusiter in 1868, on the 
absorption of the light-giving constituents of coal gas by tiie heavy 
hydrocarbon oils, his attention being drawn thereto when experimenUng 
with glycerine as a substitute for water in gas-meters. 

After having satisfied himself that the disadvantages attending its 
use were not compensated by its advantages, he turned his attention to 
other liquids which might, he thought, be suitably applied for the like 
purpose. One of them was mineral oil of 840° specific gravity. The 
effect of this with 28-candle gas was to reduce the illuminating 
power to 14 candles; and with gas of 36 candles to 16*1. During 
iihe winter of 1873-74 he repeated the experiments, and made some 
additions to the number. Mr. Young deduced from these experi- 
ments various facts of general interest, having reference to the means 
afforded of ascertaining the percentage of hydrocarbons in a given 
quality of gas. 

In a further communication on the same subject, Mr. Young showed 
that so great is the solvent action of heavy hydrocarbon oU (boiliikg 
point 180° Fahr.) that hydrocarbons, such as olefiant gas, which are 
permanent gases at ordinary temperatures, may be reduced to the 
liquid form in passing through it. He further showed that if, instead 
of allowing the gas and mixed hydrocarbons to cool together, the gas, 
saturated with the vapour of the lighter hydrocarbon liberated by heat 
from the mixed fluids, were transferred into a separate vessel, thereby 
preventing the heavier hydrocarbon from coming in contacit with, and 
reabsorbing the lighter, the gas would reinain saturated with the 
vapour from the more volatile fluid. 

These important facts lead to but one conclusion, viz., that the 
practice of allowing the whole of the tar to flow along with the ^as 
through an extensive range of pipes to the condenser, both being 
gradually cooled together in the passage, is founded on an erroneous 
estimate of the resists that follow thereon, is highly objectionable, and 
must be condemned. 

Mr. E. H. Patterson, with that wise insight which characterizes his 
investigations, has given expression to his views on this subject in an 
able article ^'On Keeping Gas in Contact with Tar," in which the 
obiectionableness of the practice is very clearly shown. 

The cooling of the gas gradually is a provision the wisdom of whioh 

is unquestionable, and the plan of causing it to make t^e circuit of the 

retor^house in pipes is probably the best method of accomplishing that 

object ; but the deposited tar in the hydraulic main and in the foul 

main at the point, as near as can be ascertained, when its temperature 

has fallen to about 110° or 100° Fahr.— the temperature at which its 
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§haorhent powers oome into most active operation — should be drained 
awav direct to the tar- well by its own separate conductor. 

The chief advantages believed to accrue from lengthened contact 
of the gas with the tar are, first, the absorption by the latter of naph- 
ihaline that would otherwise be carried forward to be deposited, by 
reason of the decrease in temperature and other causes, in the mains 
on the works, and even in the street mains, service pipes, and the 
internal fittings on the premises of consumers; and, secondly, the 
absorption also of a considerable portion of the obnoxious sulphur and 
other compounds. 

Theee advantages will not be forfeited by the direct removal of the 
bulk of the tar, because sufficient light tar will be left in the circuitous 
gas main to absorb any excess of naphthaline vapour present, and 
even to assimilate a portion of the sulphur and other impurities. 
Besides this, as the general effect will be to leave a larger proportion 
of the gaseous hydrocarbons in the gas, these, by virtue of the power 
which they possess in common with the liquid hydrocarbons, of assimi- 
lating — and, in this special case, of suspending — other hydrocarbons, 
will necessarily assist in retaining in the permanent form a portion of 
the naphthaline that would, in presence of the greater bulk of tar, 
have been liquefied and deposited. By a similar train of reasoning, the 
fact of the inferior quality of the tar produced from the richer cannels, 
as compared with that from coal, may be explained. 

In dealing with this subject, it has been assumed by some that no 
absorbent action is likely to result so long as the tar with which the 
gas is in contact is at a temperature of about 100*^ Fahr., and above ; 
and that, therefore, the dip in the hydraulic main causes no diminution 
in the amount of hydrocarbon gases present. It has even been assumed 
that the tar in the main gives off a proportion of hydrocarbon vapour, 
and in this way increases the illuminating power of the gas. On reflec- 
tion, however, it will be plain that this argument is altogether imten- 
able, for it is scarcely possible to conceive that hydrocarbons which 
have already been liquened at a high temperature, can again, at a lower 
temperature, assume the gaseous or vaporous form. Tnere can be no 
doubt that the heavy tars have an absorbent action, less or more, at 
all temperatures, being greatest at the lowest ; and this being so, the 

gassage of the gas through such tars by reason of the dip in the 
ydraulio main, must have a prejudicial effect upon the illuminating 
constituents of the gas. On the other hand, where means are em> 
ploved for removing the heavy tars from the main as rapidly as pos- 
sible after they are deposited, the disadvantages of the dip into the 
lighter liquors contained therein are reduced almost to nit. This is 
especially true where the arrangements are such, that, by careful 
adjustment, and an adequate area at the water level, the dip is limited 
to about three-fourths of an inch. 

Such being the case, considering the easy application of the dip, its 
economy, its self-acting regularity, its comparative immunity from 
failure, and the safety attending its use, it is questionable whether 
aay of the many appliances for dispensing with it, offer sufiicient 
inducements to compensate for the advantages enumerated. 



TEMPERATURE OF GAS IN THE RETORTS. 

The reason of the comparatively low temperature of coal ^% ^^ei SS^ 
ascends to tiie hydraulic main, after being in coT\\a«csV.m^iJft.^^^»^ft»a^ 
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Ilea ted surfaces of the retorts in which it is generated, is not apparent 
at a cursory glance. 

At first sight it would appear as though tiie action upon the gas in a 
retort would be similar to the effect upon air by the ovens of blast 
furnaces, where a million cubic feet are neated in the space of an hour 
to 633° Fahr., the melting point of lead. 

So far from this being the case, the permanent gas at its highest 
temperature does not probably exceed 135° Fahr., though generated in 
a heat usually reaching 2200°. 

The reason of the difference in the effect produced in the two in- 
stances given, is explained by tlie fact of the rapid absorption of heat 
by the volatile constituents of the coal in assuming the gaseoiis form, 
this heat becoming latent in the gas as in the case of the formation of 
steam in an open ^iler. 

The following is a record of experiments made by the writer to 
determine the temperature of the gas as it issu^ from the retort : — 

Exj^erhnent No. 1. 

This experiment was conducted entirely under the usual conditions 
of working. 

Clay retort, 20 feet through, one in a setting of seven. 

Heat, bright cherry red. 

Hole drilled in botn ascension pipes 3 feet above the mouthpiece. 

Retort charged with 4 cwt. of cannel. 

Temperature indicated on insertion of thermometer through the hole 
on one side of bench, 193° Fahr. 

Temperature indicated ou insertion of thermometer through the hole 
on the other side 510° Fahr. 

The temperatures indicated were clearly not those of the gas. In 
attaining the higher temperature especially, the mercury rose by starts 
at the rate of 3° to 5° at once, evidently caused by hot particles of solid 
carbon, or other solid or semi-fluid substances coming suddenly in 
contact with the bulb of the thermometer. 

The remarkable difference in the temperature of the two sides is 
accounted for in this way : — On the side in which 193° was indicated 
the dip-pipe was probably sealed to a greater depth in the hydraidic 
main, and consequently the flow of gas was neither so abundant nor so 
rapid on that side as on the other. This was evidenced by the ther- 
mometer on withdrawal being found less thickly coated with tar than 
in the other case. The gas was in a more quiescent state, and there- 
fore there was not the same rush of hot, solid particles against the bulb 
to raise the temperature abnormally. 

Experiment No, 2. 

The conditions were the same as in the previous instance ; but instead 
of inserting the thermometer directly through the hole in the ascension- 
pipe, the end of a piece of india-rubber tube 12 inches long, f inch bore, 
was pressed against the orifice, and the gas allowed to flow in a stream 
through the tube. The object of employing the tube was to obviate, 
if possible, the contact of the semi-solid or semi-fluid substances pre- 
viously referred to. 

The result was : — Temperature indicated on one side 260°, ditto on 
the other side 324°. 
The rise of the mercury was still somewliat irregular, and the instru- 
ment, so ta,r as iitsertedf was again thioldy coated with tar. 
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Experiment No. 8. 

One end of the through retort was now bricked up, being made per- 
fectly jp»-ti^bt, the gas passing away bv one only of the ascension 
pipes : ui point of fact the retort was made single instead of through. 

In a short, double-flanged piece ot the ascension-pipe, within 8 inches 
of the top of the mouthpiece, were inserted six layers of iron wire 
netting, cut into discs, accurately fitting the bore of the pipe. Three 
of these discs had meshes one>eighth, and the other three three-six- 
teenths of an inch gauge, and the discs were kept three-fourths of an 
inch apart by sheet-iron rings, inserted edgeways into the pipe. 

The charge, 2 cwt. of cannel, thrown into the retort, happened to be 
taken from a heap that had been exposed to the rain, and there was 
considerable moisture present. 

Hie hole through which the thermometer was inserted, as in the 
previous experiments, was 3 feet above the mouthpiece. 

The following were the temperatures indicated : — 



Time. 


Temp. Fahr. 


Time. 


Temp. Fahr. 


Minutes. 


Degrees. 


Minutes. 


Degrees. 


10 


200 


55 


177 


15 


198 


60 


174 


20 


196 


65 


172 


25 


192 


90 


160 


30 


190 


106 


158 


35 


188 


120 


150 


40 


184 


130 


160 


45 


182 


140 


148 


50 
»_ • _ 11 j^i. _ 1^ 


179 

? 1. J j__ 


160 
J j_ _ 


142 . 

•• f^r\r\ i _ _ _ __ _ 



Through all the higher teperatures, down to 172°, steam was con- 
densed into drops upon a piece of paper held in the stream of gas 
issuing from the hole. Tar, though not entirely absent, was nearly so, 
the instrument on each withdrawal being but slightly coated. The 
temperature, with but few exceptions, rose with great regularity from 
that of the atmosphere of the retort-house (74°) to the rates observed, 
showing that the semi-solid particles, which were evidently the cause 
of the high temperatures previously indicated, had been nearly all 
arrested by the wire netting. 

The higher temperatures, I am of opinion, were due to the presence 
of steam in the ^as in varying proportions, and this latter would be 
caused by the moisture in the coal. 

Ex^yennient 4. 

The retort was again charged, this time with 2 cwt. of cannel in a 
drier state. All the other conditions were as in the previous trial. 
The following were the results obtained : — 



Time. 


Temp. Fahr. 


Time. 


Temp. Fahr. 


Minutes. 


Degrees. 


Hours. 


Degrees. 


2 


158 


n . 


129 


• 7 


174 


2 


123 


12 


177 


2J . 


122 


17 


172 


2i . 


119 


22 • . 


171 


21 . 


118 


27 


169 


3 


116 


32 


168 


3J . 


113 


75 


141 


3^ . 


no 


90 


134 
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During the first half hour of the charge the presence of steam, mixed 
with the issuing gas, was indicated as before, but less abundantly, 
tiaough still, doubUess, affecting the results obtained. When the 
temperature of the gas within three feet of the mouthpiece was at 174°, 
it stood at 132° in the bridge pipe, 14 feet higher up. 

It may be suggested that the effect of passing the gas through the 
wire netting woi^d be to lower the temperature of the gas, just as the 
wire gauze on a Davy lamp reduces the temperature of the flame im- 
pinging against it. The conditions in the two cases, however, are 
entirely different. The meshes were sufficiently large to admit of an 
easy passage for the gas, and the metal would be immediately covered 
with a thick coating of tar, virtually producing insulation. In addition 
to that, the temperature within six inches of the front of the bench 
was 208°, and the metal of the ascension pipe, as well as the inserted 
wire netting would, as a rule, be above the temperature of the gas.. 
The results of these researches wiU be found to confirm, in a remark- 
able manner, the deductions of earlier investigators. 



Temperature of the Gas in the Bridge Pipe^ 14: feet from the Betort 

Mouthpiece, 

Experiment. 2-Cwt. Charges. Temp, of the Gas. 



Ko. 1 . . . . retort charged 1 hour . . . . 136° Fahr. 
,, 2 . . . . „ „ 3 hours . . . . 116^ „ 

„ 3 . . . . „ ii H hours . . . . 119- 



io 



CONDENSATION. 
Extent of Coiidensation. 

The degree of condensation to which coal gas should be subjected 
After leaving the retorts, and before entermg the purifiers, has never 
been determined with that scientific accuracy which the importance 
of the subject demands. 

The axiom that "thorough condensation is half the purification," is 
too sweeping in chai-acter to be serviceable or safe as a guide. The 
term "thorough," as applied to the condensation of coal gas, still 
remains an indefinite quantity, though the well-directed and oarefuUy 
conducted inquiries of the first Referees in the metropolis (the results 
of which are embodied in their admirable and valuable reports) have 
led to a more exact knowledge on this and the other branches of gaa 
purification. . . . 

With respect to one point there cannot be two opinions — ^viz., the 

necessity of guarding against a lower temperature in the gas than 

60° Fahr. If condensation is carried beyond this, the lighter hydro- 

carbons are in danger of being deposited, and the gas impoverished. 

In the following table the bad effects of excessive refrigeration are 

sJiown. 
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TABLE 

Exhibiting the Loss of Illuminating Property in Coal Gas on Exposure 
to th^ Temperature of Freezing Pointy 32° Fahr. 

HydrocarbonR condensed from 
Name of Gas. 1000 Cabio Feet of Gas on Exposure to a 

Cold of sap Fahr. 

Boghead oannel 4' 42 cubic feet. 



Ince Hall ditto '37 

Methyl ditto '33 






From the aboTe it appears that the richest gas suffers the greatest 
deterioratioii on being subjected to cold. 

Bapid or Sudden Condensation. 

Experience has sufficiently proved that rapid or sudden, as well as 
excessive, condensation, is an evil to be avoided ; and that to prevent 
the deposition of naphthaline in the pipes, and preserve some of the 
richer illuminants, tne gas should be allowed to travel in contact with 
the lighter tars until the latter are reduced in temperature to about 
100° Fahr. before separation takes place. 

With this object in view, the pipe leading from the hydraulic maiBi 
may be carried with a gradual inclination roond the interior of the 
retort-honse or other convenient building, and from thence to the 
condenser ; provision of course being made to allow the thicker tar to 
run off at a point near to the hydraulic main. By this arrangement 
the gas is slowly reduced in temperature, and some of its most valu- 
able light-giving Hydrocarbons, which would otherwise be condensed, 
are retained within it in the pernianent state. 



TeTn2)eratnre as affecting Pegistrativn. 

The make of gas, as indicated by the station-meter, is materially 
affected by the temperature at whicn it is registered. 

At the temperature of 60° Fahr., with the barometer at 80 inches, 
gas is at its standard volume ; and as all aeriform bodies expand ^Ijs at 
their bulk at 32° Fahr. for every additional degree of temperature, or 
aboat 1 i>er cent, for 6°, it follows that a quantity of gas, say 10,000 
cubic feet, registered at 60°, would at 70° become 10196, and at 80^ 
10-893. 

The quantity of heat which will raise a cubic foot of water one 
degree, will raise 2850 cubic feet of gas or atmospheric air to the same 
extent. 

In instituting a comparison between the production per ton of mate- 
rial at different works, and in testing the productive value of different 
coals, it is, therefore, necessary to take into account the temperature 
of the gas at tiiie time of measurement. In ascertaihing the specific 
gravity of gas, and,' in. conducting photometrical observations, the same 
core snonla be taken, to note the temperature of the. gas at the tLme 
and place of making the experiment. 
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TABLE. — Expansion of Air and Permanent Gases by 


Heat. 


Temp. 
V9ia. 


Expansion. 


Temp. 
Fahr. 


Expansion. 


Temp. 
Fahr. 


Expansion. 


Temp. 
Fahr. 


Exiwnsion. 


82 


1000- 


52 


1041-6 


72 


1088-8 


92 


1125-0 


88 


1002- 1 


58 


1048-7 


78 


1085-4 


98 


1127-1 


84 


1004-2 


54 


1045-8 


74 


1087-6 


94 


1129-1 


86 


1006*2 


55 


1047-9 


75 


1089-6 


95 


1181 -ri 


86 


1008-8 


56 


1050-0 


76 


1091-6 


96 


1188-8 


87 


1010-4 


67 


1052-1 


77 


1098-7 


97 


1185-4 


88 


1012-5 


58 


1054-1 


78 


1096-8 


98 


1187-5 


89 


1014-6 


59 


1056-2 


79 


1097-9 


99 


1139-5 


40 


1016-6 


60 


1058-8 


80 


1100-0 


100 


1141 -ft 


41 


1018-7 


61 


1060-4 


81 


1102-1 


110 


1162-5 


42 


1020-8 


62 


1062-5 


82 


1104- 1 


120 


1188-8 


48 


1022-9 


68 


1064-5 


88 


1106-2 


180 


1204-1 


44 


1025-0 


64 


1066-6 


84 


1108-8 


140 


12250 


45 


1027-1 


65 


1068-7 


85 


1110-4 


150 


1245-8 


46 


10291 


66 


1070-8 


86 


1112-5 


160 


1266-6 


47 


1081-2 


67 


1072-9 


87 


1114-6 


170 


1287-6 


48 


1088-8 


68 


1075 


88 


1116-6 


180 


1808-8 


49 


1086-4 


69 . 


1077-1 


89 


1118-7 


190 


1829-1 


50 


1087-5 


70 


1079-1 


90 


llSO-8 


200 


18500 


51 


1080-6 


71 


1061-2 


91 


1122-9 


212 


1875-0 



TABLE 
Showing th^ Belative Effects of Water and Air as Cooling Agents for 

the Candenaation of Gas. (Peclet.) 

Excess Of Temperature «•»»*'*? SlSS^VS^^^sSSr" """ 
overrXL^ci^here. WJ.enraga.ing When^i^^nged 
For an excess of 10° 8 



>> 



>» 






>j 



>» 



>> 



20° 
30°' 
40O 
50° 



18 
29 
40 



88 
266 
5,363 

8,944 



53 13,437 



Water in thus shown to be the superior cooling agent, requiring the 
exposure of much less radiating surface than air ; but, for ^e reasons 
already adduced, the latter is found to be the more suitable medium 
for the condensation of gas, except under the special conditions noticed 
hereafter. 

TABLE 

Giving tJie Mean Ternmerature {Fahr.) of every Tefith Day in the Year 

in the Cfentral District of England. {Box.) 



January . 

February 

March 

April . . 
if&jP' . . 
June . . 



1st. 


11th. 


2lHt. 


Deg. 


Deg. 


Deg. 


86-5 


85-6 


871 


37-2 


87-5 


88-5 


40-1 


41-0 


41-9 


48-6 


46-0 


47-0 


60-0 


51-8 


68-8 


56-4 


67-6 


69-8 



July . « 
August. . 
September 
October . 
November 
December 
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COSDESSEKS. 
Atmotpherical FerfiVoZ Condanur. 

The ordinan' Btmoepheric coiideu»er (Fig. 28] coiwiatu of a BeritB of 
pipes, UBUAlly'ie feet liMg, put together in t«-o Uiigtlw, «ii(l pl»c<^ 
□pright, throngh which the gad p»siie« up md dowii alterii»tely. Tliew' 
enter a rectanguUr ediitem nt bottom, hi which the coiideiiswl vapours 




are deposited, and f roiu whence tliey flow to the tor well. At tlie top i^ 
inother ciatcm. contaitiiug water to seal the movable hooda covei-ui^' 
eteli pair of pipes, and for further relrigeration, should eucb be rc- 
qnired, in warm or nonDy weather, amall Btiwns being made to 
trickle down the exterior tturtace of the pipen. 

Atmotpherical Annular Condenser. 

The annolar condenaer is one of the most effioieut atmosplierical coii- 
i<*t**i"g apparatus for gari that ha^ j'et beeu devised. In Kirkhoju'ti 
r, as improved by Wrielit (Fig, 29), the pipes are placed ii " 
— -'- — aud are of lai^e diameter, each o~" — '- '■ 
—^^-- , -r - ^ - '"WO forming an annular space throuf? 
is made to flow. Other pipffs, pJaccd diagonally, councct uiu top aua 
bottom of the condensing columuH alteruately. Sy this arrangement tlie 
gBspasaes through theauunlar space always ill the down ward direction, 
whilst the current uf air movea upwards through the interior veutila. 
ting pipe. In cold weather moVable covers are placed over the latter, 
arbutterfly valves are fixed at the loot, for cloning, to prevent the air 
diBiwht, which miglit otherwise reduce the temperatnre of the gas 
bdDw the desired etandard. A small pipe ia connected to the bottom 
of eaoh oolnmn, to oarr^' ai^-ay the deposited tar and water iiLta ft^: 
main laid alongside the condenser, and lesiding Ui\o tt» \at -n^- 



vertioAl poeitioD, e 



I encloxiug a 
which the gas 
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Instead ot the diagoual pipe, extendiiu from Hie top to tlie bottom of 
each column alternately, Mr. Warner has inserted a mid-feather or 

S:rtition, within Che annular cha.mber; this reaches to within a short 
stance of the lop and bottom, the space at the lo«er end being sealed 
by the deposited fluids, and a short coimeotiag piece joins the several 
columns at the base. B; thia modification a free passage is obtained 
from end to end for the condensed fluids, and the separate tar main 
is dispensed with. 

CUUmd^a Slom-Speed CoTidemtr, 

This oonsists of a series of vertical pipes, ooouected together at the 
top by a hollow cornice or cap, which serves aa the oommon iiJet to the 
whole series. The Htream of^ ^as being thus divided equally amongst 
the several columns, travels through them in a downward direction and 
»t a comparatively slow speed. 

In Uie lower part of each column, to about a Gth part of its length, is 
inserted a " bottle brush " of wood or other material, with a drip ledee 
above it to divert the descending liquor on to the centre of the bru^ 
which has the effect of converting the apparatus, to that extent, into a 
scrubber. 

The seneral resntt is superior efficiency in condensing, and the yield 
ot a high strength of liquor. 

Atmo^herioalHm'itonfalCond&niier. 
The Atmospherical Horizontal Condenser (Fig. 80), is one of Uio 
earliest forms of the apparatus, and also the best. Its afficienoy bu 
not been generally recognised, owing to the want (^ a correct appreoi*- 
tion of tlie conditions on which the condensation ot ooal gas oogfat 
to be oooducted, and this has led to ita being generally disoarded in 
&vourot the vertical form. 
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Tha Mulier method of constraotion was to fix it wiiiiBt the outside 
of (h« trail ol tbe retort house or otJier oonventent buildiiig, the 
Eerer*! pipes rieing nearly parallel, one above the other, their ends 
bebig ooimeotad by ^-shaped bendg. 

Jkn improvemant, on itrictlj soientifia principleB, has ba«n eflaelBd 
in Qw ftpMMttDB by Ur. D. A. Oraham. A. coudenaer designed by him 
oonaiata i» two MTiee of 16-in. cnat-iron pipes, 61 feet long, in ten of 
sQob ec leet lencfths, anansBd in naiig mde by side, and Bapparted on 
buneworb, the end of eaoh length being joined to that of the next. 
Fnnn the inlet at ths top, thron^h the entire rnn of the condenflerto 
tli« ontlet at the bottom, there u a gradual inclination, ao that it is 
mmply a flat screw of spiral, such as mi^^ht be represented by winding 
s length of soft wire five timed round a pieoe of board, in which oaM 
the two ends of the wire would answer to the inlet and outlet ol the 
ccodenMn', Bhuik flangea ara bolted on the end of each length lor 
eoaveoieuoe in cleansintt. 

In this arrangement there is a recognition of the fact that length 

lUfaar than height ia the desideratum iu a condenser. In the ordinary 

lertiicalform of theapporatus, the ouoling effect of the air on the surface 

of Uie apper parte ol the pipes is ahuoet nil. This will be obvious 

Then it u considered that the air contiguous to the lower port of the 

- Dondenaer beinjf BBSimilabed to the temperature of the latter, expands, 

I and EO becoming lighter than the surrounding air, ascends in oontoet 

with the pipes, extracting a less and less propoi-tiou of heat as it rises. 

In addition to the otber advantuiea, the ammoniocal liqnoT on 

I leaving the horizontal condenser is o{ a strength equal to 6° Twaddel 

I —a rmnlt whioh it is impossible to obtain from the ordinary vertical 

A somawhat similar form of condenser was previously daaigned and 
uHd by Ur. Oeoitte Liveaey. 

CatnbiTud Atmosp?iBiieal aitd Wafer Condeatttr. 

Catler's horizontal condenser has one or more small lubes peesint; 
thiDDf^ the intwior «t Hie laiver pipesj through th^ge tnbes a stream 
d mtw flowi in the opposite dlreotioti to tlie gu', «o^bkuA^'\k^^^i»Ma&& 
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the water reaches the inlet of the condenser, by absorbing the heat c 
the gas, it has attained a moderately high temperature, and thus an 
sndoen cooling of the gas at the entrance is prevented. 

The Tubular or Battery Condenser, 

An excellent apparatus (atmospherical) is that known as the battel 
oondenser (Fig. 81). This is an oblong vessel, 12 to 24 inches wid 




Fig. 31. 

12 to 18 feet in height, and of length suitable to the requirements of th 
works. It is divided at distances, equal to the width, apart, by ii 
temal plates or mid-feathers, extending to within a few inches of th 
top and bottom of the chest alternately ; and the gas passes from th 
inlet, up and down each division, till it arrives at tne outlet. T 
augment its condensing power, small tubes, 2 inches in diametei 
through which the air has free circulation, are passed through froi 
side to side of the vessel, and there securely jointed. These transvers 
tubes serve the double purpose of cooling the gas, and, by brealdng i 
up and retarding its progress, inducing a natural settlement of th 
heavy condensable vapours. 

Bules for Calculating the Area required for Atmospherical 

Condensation. 

It is stated in « Clegg" (4th edition, p. 173), that "the different state 
in which crude gas enters the condensers make it impossible to giv 
any fixed rule for the determination of the- area of the exposed snr&oi 
It may be dangerous even to venture on a general one ; but it may h 
stated from experience that a surface of 150 square feet for every 100 
cubic feet per hour is about sufficient when the stratum of gas has nc 
exceeded 3 inches in thickness, and this wiiliout the application of 
TFAter shower." 
This ia »t the rate of 6| square feet of condensing surface for ever 
JOOO oubio feet nuudmum produoUon ol ga& per diem of 24 hours. 
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The superfloial area of the oriij^inal oondenserB designed by Mr. Croll 
for the Great Central Gas company was 4 feet per 1000 cubic feet 
Tnayimnm prodnotion per diem, or at the rate of 96 sqnare feet for 
every 1000 cubic feet of gas produced per hour. 

Another rule adopted by some gas managers is, to allow 10 square 
feet of condensing surface for the cooling of 1 cubic foot of gas per 
minute. 

This gives at the rate of nearly 7 square feet of surface per 1000 feet 
per diem. 

Others again insist that only 5 square feet of surface are needed for 
every 1000 feet made in 24 hours. 

An average of the whole of the above gives rather over 5) square 
feet. 

Our opinion, founded on a lengthened experience, is that all these 
estimateis are too' low, and that about 10 superficial feet of condensing 
surface (atmospherical) for each 1000 cubic feet maximum production 
per^ day of 24 nours should be provided. This includes the length of 
main extending from the hydraulic main; moreover, the condenser 
should be protected from the direct action of the sun's rays, or other- 
wise water should be made to trickle down the outer surface of the 
pipes during sunshine. 

Dry Scruhhera as Condensers, 

In some works condensation is effected by means of dry scrubbers — 
cast-iron vessels of large diameter — charged with coke or other mate- 
rial, breaking up the gas into minute streams, which, being thus cooled, 
deposits its tar and water. 
! A natural settlement of the condensable matter also takes place, 
I irrespective of the action of the contained material, owing to tbo 
Tdocnty of the flow of the gas being reduced on entering the larger 
' area. 

The rapid fouling of these vessels, however, necessitating frequent 
dianffJT^ of the material to prevent undue back pressure, and maintain 
, tiieir emciency, renders their use objectionable. 

Precipitating chambers of large size are also employed, without any 
iillini; material, in which the gas, as it were, sleeps, and deposits its 
condensable particles. A vessel of this kind is useful in other respects, 
becsAise the large volume of gas serves as a cushion to counteract pul« 
Batory action between the exhauster and the retorts. 



I 



Ufiderground Condenser, 

In this arrangement the pipes are placed in the ground, cue of the 
reach of the fluctuations of temperature in the atmosphere, with a view 
to obtaining uniformity of action in the process of condensation. By 
this system, however, a much longer length of piping is required than 
by any other, owing to the small amount of radiation from the surface 
en the buriea pipes. 

There is an advantage in this process of gradual condensation, but it 
is advisable, wherever in use, to supplement it by finally passing the 
gas through one of the other forms of condensers made of less than 
the usnal area. 
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Water-ChanTiel Condenser, 

Mr. Livesev, at the South Metropolitan Works, has adopted the plan 
of placing the condensing pipes in a tank divided into channels, 
through which a stream of water is made to flow, and, which can. be 
regulated according to the make of gas. The water enters the tank at 
the point where the condensed gas makes its exit, and flowing in the 
opposite direction to the gas in the pipes, is gradually raised in tem- 
perature by the latter till it reaches its outlet, where the prude gas 
enters. By this means a more uniform condensation is obtained than 
is possible in the atmosphere. 



Pelouze and AudouirCs Condenser, 

The principle of this is different to any of the other apparatus 
described. In construction it consists of an outer cylindrical cast-iron 
chamber, with the usual inlet for gas, and outlets for gas and liquids, and 
contains a cylinder of perforated sheet-iron constituting the condenser. 
The sidet) of the condensing chamber are two thin sheets of iron with a 
concentric space between. The inner sheet is perforated with holes 
l-20th of an inch in diameter, and the outer with slots of larger size ; 
the outer sheet being so arranged as to offer a blank surface opposite 
the small holes in the inner sheet. The gas and condensable vapours 
pass through ttie small perforations, the vapours being as it were wire- 
drawn, and striking against the opposite solid surface are deposited 
thereon, and flow down into the receptacle below, and thence to the 
tar well. 

The gas passes on through the slots in the outer cylinder to the 
outlet pipe. 

The condensing cylinder is so balanced as to rise and fall in an annu- 
lar space containing tar or liquor which acts as a seal. As the nu^e 
of gas increases or decreases, the cylinder rises or falls, and conse- 
quently a larger or less number of openings are uncovered for the 
passage of the gas. The result is a more complete separation of the 
.tar from the gas than is attainable by any other form of condenser. 



Carhuretting Condensers. 

The Aitken and Young Analyzer, and the St. John and Hockwell 
apparatus, may both be included under this head, as they are each 
designed by their inventors to enrich the gas by carburetion. The tar 
and gas are both conveyed direct from the hydraulic main to tiie 
apparatus, their temperature at the inlet bein^ maintained as high as 
possible, and means are even adopted of raismg the temperaturei ii 
required, in order that the heavier hydrocarbons present in the crude 
gas and tar may be permanently suspended, and so become flzed illuini-^ 
nants in the gas^ notwithstandmg the subsequent reduction of temper- 
ature in the ordmary course of purification. At the works where tiia 
respective processes have been adopted a good account is given of their 
efficiency. 
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To convert Degrees of- Fahrenlieit into tJtoee uj Centigrade and 

BeaumuTf and conversely. 

To convert Fahr. into Cent. 

BuLE let. — Subtract 32,and divide the remainder by 1'8, thuf : — 

Fahr. 167 - 32 „, ^ ^ 
— PO — = 75 Cent. 

or by — 

Bulb 2nd. — Subtract 82, multiply the remainder by 6, and divide 
the product by 9, thus : — 

Fahr. (167 - 32) x 5 „^ ^ 

jP = 76 Cent. 

To convert Cent. Into Fahr. 

. Bulk Ist.-— Mnltiplj by 1*8, and add 82, thus : — 

C«it. 76 X 1*8 + 32 = 167 Fahr. 
orby— 

9uLi^ 2&d. — ^Multiply by 9, divide by 6, and add 82, thus :— 

^«"*-^ + 82 = 167Fia,r. 

To convert Fahr. into Beau. 

BuiiV.lBt.— Sbbtiaot 88, and divide by 2*25, thus : — 

• - Eahr: il8-32 

I 2-26 = 36 Beau. 

or by*- * . 

Bui«B 2nd.r-Subtract 82, multiply by 4, and divide by 9, thus ;— 

: R>hr. ( 118-32) X 4 ^3^^^ 

To oonvei^ Beau, into Fahr. 

BuiJ5;l8t.-;-Multiply by 2-26, and add 82, thus :— 

Beau. 36 X 2-25 + 82 = 113 Fahr. 
or by— ,■ 

BuMt 2nd.— Mifltiply by 9, divide by 4, and add 32, thus :— . 
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THE BXHAUSTBB. 

'Wherever the tnake of gas exceeds 8 milGoiiB ot cubic f«et p< 
annuin, an eihanater beoomea a asetnl adjonot to the othsr apparati 
of a, gasnork ; the invariable result of ite Dse being to InoreiMa'll 




O-AB ENQINSEBS AND HAKAOEKS. S!> 

f fo ju c tb a per ton, to imprott Ih* qntli^ of Oi* gt» (prorided air U 
not dnmu &) knd laiiKtlHin tha dtumtion of tha retorts, by preTenting, 
in m gre^t maaanre, ue depoaltioD ol earbon. the remoTal c4 whioe 
witta tbe ordlnan ohieel ban is so deBtractJve and ncMtiafutory. 

HeobMiiral exbaaiten are of two kinds, the rotatory uid the recipro- 
oatfog: Both deaoriptioiia bave their adrooatoB^uid mnoh may be asid 
in btfour ot each. 'Ate TOtatarr u eeitunlj ateadisr in ita action, pro- 
dseinc law eeaiUatioD, the BM fl<nniiK mora aqoably thxongh the niaio* 
kBdappwMo*. 

Bcatta'a (Fig. B%, Jcoee'a (Big. 88), and Laidlair'a (Fig. B4, an on the 
— '-- — ^ pnDoiple; UetbveD'i, Mnagraye's, and AiidiiiwiD'B {Fig. B^ 




lio alaam-jat oihanrter (Fig. 36). inTont^ by Mr. 01el«n4,ana im- 
. ved by J&am. KHrtine Brother*, is another iona of exhaniting- 
^pavrttw. ThifOperalM by projecting a jet of Bteam at abont 4SIbg. 
mtamn, tfiTOngh ftii arrangemeat of pipes or : 
Uitervention ol any other mechanicaJ applii 

iftirwardaeitinMjledby oondenBt"— "" 

li legnJatod by thoadjnBt»hleBc__. ,. 

ncrraDls Inner aleevc, opening or closing ti 
Hw aeimw itnd not at taia side. 



i at the end ; and by mj 
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Ur. B. O.Pkterwin found agaiB in illaminatiiiiE power cqnal to {llu 
.. . ._.. a>. ..... .. -^ BiliBQBter, nhioh he attribuCed to the 

la of the liquid bydToc&rboiu. 



by a gad governor, acting eitber o . . 

wed-ptpe, in this oaae increoHing or diinuiiahiiig the sprnd of tlui 
engine ; or on a Tolve within a bye-paaa comiected to the iniet and on^^ 
let mains jeading to aod from tjie exhatuter, tbe opening ot whioh, 
trtien the exbanst is too active, allows a portion ot the gas to retmti 
through the exhauster, and thas preTente the formatdon ot a pMtilil 
vaonnm in the retorts. (See Fig. 37 ' 




STEAH BOHjBR and ENGINE. 

These sbonld be provided of ample size, allowing a margin over and' 
above the aotnal power needed. Ajt engine and boiler barely fit to do 
the woii: required ot them are a nuisance. 

The engiDa, beside* turning tb« eibauster, ma; be used in pompipg 
wMer Midter ; and tlie boilers, la addition to aupplying eteaoi for the 
engine, is naefnl for steaming the mains and apparatus on Oie works, 

SwUqMe boilers of the required aiie shoold be provided, to allow tor 
pori nSifialnlfnn in g and examioation. 

ookeorobH. . n > 

Oaepoani wejght of coal of average quality reqnires 160 cubic feet 

of air SjT its perteot combnstian. In actual practice, however, about 
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double this qiuutity ot lir passes through die farnute of ateun 
boilers. 

Wiarovor practicable and oonTanient, the boiler Bhonld be »et iu 
saeh a position as to allow of its beiog heated with the waste heat fronl 

iployed tor want of 
le on other grounds, 

ids, and single internal tube containing the 



■paoe, or should a, boiler be oonsidered objectionable on other grounds, 
Uie exhanetor can be driven by a eas eogiue. 

The kind of boiler most suitable for a gas work of modeiate siie is 
the oyllndrioal, h" - ■ ' - » ..---_i... 

The nominal horse power of snob a boiler is foand by multiplying 
the Bum of the diaraet«rs ot the outer shell and intenuLl flue by the 

__, __ *ft.8in., 

duuneter ol tube 2(t. 6iD., aod length 13 ft. 

(*'S-+ '■ ^") ? ^^' _ 1- h 
Again— 

Beqoired the power of a boiler whose diameter iH 6 ft., diameter of 
tobe 8 ft, and length W It. 

(6- + s'} X gy 

g — ^ so norse power. 



In high presanre or i 



U IbP. ] 






The diameter of the piston in inches, sqaared = oiroular inohes. 

The tollowing table giTes the diamrter of cylinders for high preesni* 
(non-oondenging) steam enginee, from It to 16 norse power, wi^ steam at 
3S lbs. and 30 lbs. per square inch respectively, ana Uie length ot stroke 
lor the di&erent si^es — 



CemmtfoT Stopping Leaki in BoiUn. 

BjseitliL 

Powdered fire-clay 6 parts. 

Fine iron Slings , . . . 1 part. 

Made into a paste witit boikd. UniMdL <fi~ 



9i NEWBIG(3tfNG'S HANDBOOK FOR 



Cement for Metallic Joints. 

Equal weights of red and white lead« mixed with boiled linseed oil 
to the ooQsistency of putty. 



THE WASHER. 

The washer was one of the very earliest appliances used in the purifi- 
cation of coaJ gas, and naturally so, owin^ to the cooling and condensiiii^ 
property of water, and its power of absorbing ammonia and of arreBtiA<g 
tbAtar. 

Its construction, however, was often faulty at first, and the limits ef 
its functions misunderstood; so that the misuse, or overuse, of idit 
apfparatus, resulting in reduced illuminating power to the gas exposed 
to its action, caused it to fall, for a time into disrepute. 

The principle of its action is that of causing the gas to pass in finely- 
divided streams through a body of water contained in a vessel, so that 
a portion of the ammonia and other gaseous impurities, and the whole 
of the floating particles of tar which have escaped condensation, may be 
removed before the gas enters the scrubbers. 

The washer should always be used in conjunction with the scrubber, 
and the gas passed through it in the first instance. 

When the washer is exposed to atmospheric influence, it is necessary 
in winter to employ means to prevent the water from falling below a 
temperature of 50° Fahr.; otherwise the gas, especially a rich gas, pass- 
ing through it will suffer deterioration. 

The washer is generally employed as a separate and distinct apparatus, 
but sometimes it is placed at the bottom of the tower scruober, of 
Tiriuoh it constitutes a part. 

All washers give an amount of back pressure, varying from 1 to 4 inches,, 
aeoording to the depth of water traversed. There are numerous designs 
of washers, but the principal ones are here described. 

Anderson's Washer. 

The persistent advocacy of Mr. George Anderson has done mnch to 
restore the washer to favour, and his form of the apparatuses still one 
of the best. 

It consists of a cast-iron outer vessel, containing a number of trays, 
having on their under side a series of serrated bars extending from side 
to side ; these dip into the water or liquor, and the gas, in passing 
through the serrations is divided into minute globules. The pressure 
given can be regulated by raising or lowering the overflow witn which 
the Apparatus is provided. A four-way valve is used for shut-off and 
bye-pasis. Weak liquor from the condenser is run in at the top, and 
drips from toby to tray till it reaches the bottom. The wasner is 
maiae either single or double as required. 

Cathels* Washer. 

The usual oblong or square vessel in this case is divided intoseotfons 

as manv as may be desired, each elevated higher than the others in the 

form of steps. The gas enters at the bottom, passes in divided streams 

through a number of curtain serrations extending the full length of 

£&e vessel, tuad so on through the rest, and out at the top of the higher 

ootnpartment. When theliquor in the \o>}re«t section is of the strength 
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« vMbsr ia al*o Kmn^Ml in the vertical form to ooonpy icw 

■ U k oompkct Knd efflaien( appanttoR, occapying leu room for 
ork dace (hkn kny nther. 

> rectangnlar cwit^iron box ol any nix* idependiiiK on the nube of 
I » Kries of notantrvlu' tubtwof wroneht-iroD.to which wroueht- 
BTfmted pialsK uv (anCened, tarned down at the ddea till Uray 
ito the liquor. The pertontioiu «re l-20th of u inoh diametM', 
■Cth ol an inch apart. 

! gaa paises dowa between the tabee and thron^^b the rids per- 
iMu into spaoea filled with liquor, and, bubbling npwarde, i» aniii 
Q up by finding ita way through tbe boriionta] perfoimdona into 
pan space above, and u along to the ontlet of the apparatOB. 
1 are provided lor Mcorini; an active ciranlatjon of the liquor 
I ia constantly flowing through it trom the adjaoent Bombbcr, and 
by an overflow to tlie well. 
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oylindrical (the latter shape heing preferred), erected on end, through 
which the gas is made to pass in an upward direction after issuing 
from the washer. 

Its primary use is to entirely purify the gas from ammonia by the 
aid of^ water, advantage being taken of the well-known great affinity 
of ammonia for that liquid. 

Water* at mean temperature and pressure (60° Fahr., barometer 30), 
dissolves 783 times its volume of ammoniacal gas — that is, undiluted 
ammoniacal gas. When the latter is mixed with otiier gases, as in the 
case of coal gas, the power of water to arrest it is not nearly so great. 

It also arrests a considerable proportion of the sulphuretted hydrogen, 
and carbonic acid. 

This is accomplished by filling the vessel wholly or in x>art with, 
either coke, boulder-stones, brick-bats, roof or draining tiles, furze, or 
layers of thin boards set on edge, about 5 to 7 inches in width, fths of 
an inch thick, and from i to fths of an inch apart ; the material being 
kept constantly moistened by a stream of water trickling from a sui^ 
able distributing apparatus fixed in the crown. 

When the coke or other material is placed in layers, it is supported 
on grids fixed at convenient distances apart ; and opposite each space 
a manhole, secured by a movable lid or cover, is provided, so as to 
afford access to the interior, either for examination or renewal of the 
contained material. 

The ori^nal Livesey scrubber is fitted with boards |th of an inch 
thick, 11 mches wide, placed on edge, and kept apart by strips or 
blocks of wood fths of an inch square, thus making 1 board to 1 inch. 
The tiers are separated by 2-inch square cross sleepers. 

The first cost of fiUing with boards is greater than when coke or 
other material is employed, but it possesses the marked advantage of 
not fouling up, and will rarely or never need renewing. The gas cannot 
form narrow channels in its passage through the vessel, but is con- 
stantly being broken up and brought in contact with the water that 
drips from all sides. 

Open scrubbers are also used without any of the materials above 
mentioned. In such cases the column of gas in its upward progress is 
met by a descending shower of spray from a Gumey let. 

The most efficient kind of scrubber is the cylindrical, standing in 
height about six or seven times ite diameter. 

The superiority of the Tower Scrubber is due, principally, to the fact 
that in this apparatus, more than in any other, there is lengthened 
contact of the gas with the water or liquor in a minute state of sub- 
division. Height is therefore an important factor in a scrubber. 

Tower Scrubbers are most economical and effective when they are 
used in duplicate (Fig. 38) ; the gas being made to pass through first 
one, and then the other. 

Where more than one pair of scrubbers is employed, as is the case in 
many considerable works, the gas should be distributed in equal quan- 
tities through the several pairs simultaneously — ^not through each in 
succession. 

Experience has proved that the best filling material is thin rough- 
sawn boards, as before described, placed in altomate layers, on edge, 
one over the other. 

When coke is used as the scrubbing material, it may be placed in 
six or eight layers, with a space of about 6 inches between each. 

Whatever materi&l is used in filling the scrubber, it is important 
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that all parts of its surface shoold be wetted as equally as possible. 
The projMr action of the scrubber depends on this. 

The necessity of a good water distributing apparatus is therefore 
apparent. Not only snould this be of ^ood construction in the first 
instance, but it should always be maintained in efficient worldng 
order. 

The gas enters at the bottom of the vessel, and the water or liquor 
at the top. The gas in traTelling upwards is completely broken up, 
Ireah surfaces being constantly presented to the descending drip, and 
to the wetted sides of the filling material, against which it is rubbed or 
" sombbed " all the way up, until it emerges by the outlet at the top. 
A trapped overflow at the bottom conveys the liquor either to the 
washer or to the tar well. 

The gas, before entering the scrubbers, should have the whole of the 
tar eliminated from it ; and to insure this, a washer may be employed. 
The washer can be conveniently placed at the bottom of the first 
sombber. 

The weak ammoniacal liquor from the hydraulic main and condenser, 
and from the second scrubber, should be employed in the first scrubber. 
The object of this is to arrest a proportion of the carbonic acid and 
sulphuretted hydrogen, as well as the other sulphur compounds, for 
which ammonia has a strong affinity, thus relieving the lime and oxide 
purifiers, and saving labour and purifying materials. The weak 
Uqaor is also by this meaus brought up to the requisite commercial 
strength. 

Fresh water, in the proportion of two to three gallons per 1000 cubic 
feet of gas passing, is used in the second scrubber, to remove tiie last 
vestige of ammonia. It also takes up a considerable proportion of the 
deleterious gases above named. 

One method frequently adopted of applying the water or liquor is b^ a 
pipe passing through tne crown or side of the vessel, from which pipe 
smaller tubes, pierced with holes, radiate towards the circumference. 
This may be either fixed or revolving, the latter being the most 
efficient. 

Mr. Mann, who has bestowed much attention to this subject, with 
most satisfactory results, makes the upj^rmost part of his scrubbers 
about 2 or 8 inches wider than the rest, m order that the sides of the 
vessel may be wetted as well as the contained material. In this wider 
postian of the scrubber, and imdemeath the distributing tubes, he 
nas a revolving layer of birchwood twigs lessening in depth towards 
the oiroumf erence, and the water falling upon this is equally distributed 
:tiiroa£^ut. This arrangement requires the use of a small engine 
and gearing to produce the slow rotary motion. 

To obviate the necessity for an engine, a Barker's mill or other 
itimilar appliance is sometimes used for producing the required motion ; 
but as the stream of water necessary to ^ ]} this in constant action 
would be too great for scrubbing pur{io.ses, the mill is usually fed 
intermittently n'om a tilting box, or a vessel holding several gallons of 
water, and fitted with a valve and float. Where the quantity of liquor 
passing is large, a small turbine may be adopted for turning the 
distribntor. 

Note, — ^The action of the Barker's Mill is. due to the pressure of 
water being equal and acting in contrary directions. The rotary portion 
of the macnine revolves about its vertical axis. This consists of a 
shaft or spindle working in suitable bearings, and passing throxL^h ^^ 
ojlinder open at the upper end, which Sa iA \!i^ ^ f^\x«As&. ^\ ^«iwst:^ 
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near to the bottom of this cylinder, horizontal radiating tubes are fixed, 
and on one side of these, holes are drilled for the outlet of the water. 
Th^ pressure at these points being removed* acts only on the opposite 
side, BO causing the mill to revolve, the velocity increasing wi«i tibe 
height of the liquid and the size of the apertures. 

Tower scrubbers should have an aggregate cubical volume of at least 
9 feet for each 1000 cubic feet of gas made per day of 24 hours, taking 
tiie maxmiii/m production as the basis of the calotUation. For example, 
take a works producing in the depth of winter 600,000 cubic feet of 
gas per day of 24 hours : — 

Then, 

600 X 9 = 5400 feet, cubical volume required. 

This would be supplied by 

2 scrubbers, each 8 ft. diameter, and 56 ft. high. 

' Or again, take a works producing 1,000,000 cubic feet per day : — 

Then, 

1000 X 9 = 9000 feet, cubical volume required. 

This would be supplied by 

2 scrubbers, each 10 ft. diameter, and 58 ft. high. 



ANDERSON'S COMBINED WASHER AND SCRUBBER. 

A combined washer and scrubber, the invention of Mr. Qeotm 
Anderson, consists of a rectangular cast-iron vessel, standing on end, 
and in height about five times its width. The vessel is divided into 
compartments, each of which contains a drum caused to revolve by 
suitable gearing. The circumference of each drum is fitted with ft 
brush of whalebone or other fibre. These fit exactly into the space 
allotted for them, and, in revolving, dip into the liquid which partially 
fills the several divisions. The scrubber stands on one of Mr. Ande3> 
son's washers, previously described (p. 92). A small stream of pure 
water, at the rate of 10 to 12 gallons per ton of coal carbonized, is kept 
flowing into the top compartment through a funnel and sealing tnbe^ 
and gradually descends by way of the. gas-pipes connecting the ohamber 
till it enters the washer, from which there is an overflow pipe to the 
well. The gas enters the washer at the bottom* and is first relieved jof 
the tar remaining after condensation; thence it passes through tin 
revolving brushes, meeting diflerent strengths of liquor in otSi divi- 
sion, till it reaches the upper one containing pure water, and away by 
the outlet. By this means the whole of the ammonia, and a largo pro- 
portion of the other impurities is removed. 



THE SCRUBBER WASHER. 

Another useful form of scrubber, or washer-scrubber, as it has been 

designated, of which Mr. Paddon's apparatus is tiie original t^me, luH 

come l&rgely into use in recent yeaxs, Tlaift ia ot the horisontalfoniiy 
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octangular in sectional plan, and consists of a cast-iron tank or vessel, 
isually in sections, containing water or liquor, in which a series of 
lerfbrated discs, or volutes of sueet-iron, or other filling medium expos- 
Qg a lain^e surface, are made to revolve on a central shaft, at a slow 
peed. 'Hiese, as they rise from the liquid, are completely wetted on 
>oth sides, and the crude gas passing through or amongst them, 
oming in contact with the wet surfaces, is deprived of its ammonia 
aid a portion of the other objectionable compounds. The clean or 
resh water entering at one end, and flowing through the different 
ivisions, is met by the gas which enters at the opposite end, and 
radually increases in strength till it issues from the nnal compartment 
s 10 or 12 oxmce ammonaioal (5° or 6° Twaddel) liquor. Kirkham, 
lolett, and Chandler's "Standard" Washer- Scrubber, and Laycook 
nd Clapham's "Eclipse** Washer- Scrubber, are of this type. 



TABLE 

Uionnng the Number of Volumes of Various Gases which 100 Volumes 

of Water, at 60° Fahr, and 30 inches Baronietrio Pressuref 

can absorb. {Dr. Frankland.) 

Ammonia 7800 volumes. 

Sulphurous acid 3800 „ 

Sulphuretted hydrogen . . 253 „ 

Carbonic acid 100 „ 

OlAflautgas 12*6 „ 

Dlmnin^tir^ hydrocarbons { ^°* ^Sr^'lCf^'. ""' 

Oxygen 3*7 volumes. 

Carbonic oxide 1*56 „ 

Nitrogen 1*56 „ 

Hydrogen 1*56 „ 

Liight cai^buretted hydrogen 1*60 „ 

When water has beMi saturated with one gas and is exposed to the 
oflnence of a second, It usually allows a portion of the first to escape 
whilst it absorbs an equivalent quantity of the second. In this way a 
mall portion of a not easily soluble gas can expel a large volume of an 
wily soluble one. 



BYE-PASS MAINS AND VALVES. 

It is necessary that the condenser, exhauster, washer, scrubber, 
tation-meter, and governor, should be provided with bye-pass mains, 
loeed with valves or water-traps, to aUow of any of the apparatus 
ein^ put out of action for cleaning or repairs. The exhaus&r bye- 
ass is closed with a flap valve, so that in case of sudden stoppage of 
ae machinery the valve opens by the pressure of the f^ bein^ fino^w 
gainst it, and allows the gas to flow unchecked.. 
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THE TAR WELL. 

The tar well may be either built of bricks laid in cement, and care- 
fully puddled at me bottom and sides, or formed of cast or wrought- 
iron plates, bolted together, and caulked with iron cement. The latter 
is preferable where the construction of a good foundation is likely to 
be a question of great expense. 

It should be of capacity sufficient to contain six weeks' make of 
material, reckoning from the maximum dail^ production. 

Another well of smaller dimensions, the size depending on the mag- 
nitude of the works, ought to be provided, to serve as a lute or seal^ 
into which the tar-pipes from the difierent apparatus should dip. From 
this, at a depth of about 15 or 18 inches below the. surface of the^^und, 
an overflow-pijpe or channel conveys the condensed products into the 
larger reservoir. 

In some works the tar-pipe is taken direct into the large well, and 
there sealed by being made to dip into a vertical pipe secured to the 
bottom of the tank. This is objectionable, as, in case of stoppage, it is 
difficult of access. 

In all cases the wells should be covered over to exclude rain water^ 
and prevent the possible loss of ammonia by evaporation. 

In addition to uie underground tar- well, an elevated cast-iron cistern 
is indispensable in a well-appointed gas works. Into this the tar and 
liquor are pumped from the underground well, and suitable draw-off 
pipes, furnished with stop cooks or valves, serve to discharge the mate- 
rial into the barrels, trucks, or barges of the purchasing contractor. 

The cistern may be divided in two by means of a partition plate 
reaching to within about 6 inches of the top, over which the ammo- 
niacal liquor will flow, separating itself from the tar by reason of it& 
lower specific gravity. 

A tar and Uquor separator, for placing in the ground in any con- 
venient position near to the underground well, is shown in plan and 
sectional elevation in Figs. 39 and 40. It consists of a cast-iron vessel. 
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Fig. 39. — VERTicAii Section. 
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Fig. 40.— Plan. 



about 4 feet square and 4^ feet deep (for a considerable sized gas 

works). The division plate extends from the top of the vessel to 

within 4 inches of the oottom ; the diaphragm, over which the tar 

escapes into its separate well, being placed 1^ inches lower than the 

other diapbr&gm for the ammoniaoal liquor. 
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TABLE. 

Contents of Circular Tanks or Wells, in Gallons for each 

Foot in Depth. 



Diameter. 


OallonB for each 


ll 

Diameter. 


OaOonM for each | 


1 

Diameter. 


Gallons for each 


Ft. In. 


Foot in Depth. 

1 


' Ft. In. 

1 


Foot in Depth. ; 


Ft. In. 


Foot in Depth. 


9 


897-6 


1 

I 16 6 


1886-4 ! 


24 


2827-4 


9 8 


420-0 


16 9 


1877-2 


24 8 


2886-7 


9 6 


4480 


1 17 


1418-6 ! 


24 6 


2946-6 


9 9 


466-6 


, 17 8 


1460-7 


24 9 


8006-9 


10 


490-9 


' 17 6 


1508*8 


25 


8068-0 


10 8 


615-7 


! 17 9 


1646-6 


25 8 


8129-6 


10 6 


541-2 


18 


1590-4 


25 6 


8191-9 


10 9 


567-3 


18 8 


1684-9 


25 9 


8254-8 


11 


5940 


18 6 


1680-0 


26 


8818-8 


11 8 


esi-8 


18 9 


1725-7 


26 8 


8882-4 


11 6 


649-2 


19 


1772-1 


26 6 


8447-2 


11 9 


677-7 


19 8 


1819-0 


26 9 


8512-5 


12 


706-9 


19 6 


1866-6 


27 


8678-5 


12 8 


786-6 


19 9 


1914-7 ' 


27 8 


8645*1 


19 6 


767*0 


20 


1988-5 


27 6 


8712-2 


12 9 


7980 


20 8 


2012-9 


27 9 


8780-0 


18 


829*6 


20 6 


2062-9 


28 


8848-5 


18 8 


861-8 


20 9 


2118-5 


28 8 


8917-5 


18 6 


894-6 


21 


2164*8 


28 6 


8987-1 


18 9 


9281 


1 21 8 


2216-6 


28 9 


4057-4 


14 


9621 


i 21 6 


2269-1 


28 


4128-8 


14 8 


996-8 


21 9 


2822-1 


29 8 


4199-7 


14 6 


1082- 1 


22 


2875-8 ' 


29 6 


4271-8 


14 9 


10680 


22 8 


2480-1 


29 9 


4844-6 


15 


1104-6 ! 


22 6 


24860 


80 


4417-9 


15 3 


U41-6 


! 22 9 


2540-6 1 


80 8 


4491-8 


15 6 


U79-8 


. 28 


2696-7 1 


80 6 


4566-4 


15 9 


1217-7 


23 8 


2668-5 


80 9 


4641-6 


16 


1256*6 


28 6 


2710-8 


81 


4717-8 


16 8 


1296-2 

1 

1 


28 9 

1 


2788-8 i 

1 


81 8 


4798-7 



PURIFICATION. 
The Impurities in Coal Oas, 

The chief impurities present in coal gas, in its crude or raw state, at 
the time it leaves the retorts, are tax vapour, ammonia, carbonic acid, 
sulphuretted hydrogen, and other sulphur compounds, notably bisul- 
phide of carbon. 

The first-named impurity, tar vapour, begins to condense and is i)ar- 
tially removed in the hydraulic main and pipes leading to the condensing 
apparatus, where, if this is of sufficient capacitor, and otherwise adapted 
to the performance of the work required of it, it is nearly all removed ; 
what remains of it is taken out by the washer. 

The ammoniacal gas also begins to separate from the crude coal gas 
in the hydraulic main, combining with the moisture distilled from the 
coal. In the condenser and washer a further portion is removed, and in 
the scrubbers, if these are as efficient as they ought to be, or can easily 
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be rendered, the whole of the remaining ammonia (amounting to about 
•15per cent.) is extracted. 

The condensers, washers, and scrubbers are also efficacious in removing 
a portion of the carbonic acid (existing in the gas to the extent of about 
2*5 per cent.), sulphuretted hydrogen (about '8 per cent, of which is 
confined in the ^as), and bisulphide of carbon ; but the bulk of these 
three latter impurities still exists in the gas after leaving the scrubbers, 
and is carried forward to the purifiers. 

These are charged either with hydrate of lime or hydrated peroxide 
of iron, or a combination of both substances, arranged in separate 
layers or tiers within the several vessels. 

Purification by means of Lime {Oxide of Calcium). 

The lime has a perfect and strong affinity for carbonic acid and 
sulphuretted hydrogen, and accordingly it entirely removes these 
compounds from the gas, without leavmg the slightest trace of their 
presence. The lime, however, in its state of oxide of calcium, has no 
affinity for the bisulphide of carbon, bo that the greater proportion of 
this impurity (all) except such part as is removed by the foul lime 
when in the state of sulphide of calcium), is carried forward into the 
holders. 

Preparation of the Lime. 

Cream or milk of lime was used in purifying in the early days of gas 
manufacture, and though this was thoroughly efficient, and is probably 
the most economical method of employing the Ume, it has been gene- 
rally discarded on account of the obnoxious character of the refuse 
material, " blue billy," as it was called, and the difficulty of getting rid 
of it. Lime in the nydrated state is now generally adopted. 

The lime should be prepared by being slaked with clean water a 
day dr two before it is required for use. If placed in the purifiers 
before this necessary interval has elapsed, it is liable to cake or 
become more compact than it otherwise would. On the other hand, 
hydrate of lime absorbs carbonic acid from the atmosphere, and its 
purifying power is nullified in proportion to the extent of such absorp- 
tion. It should not, therefore, be prepared for any great length of time 
before it is needed. 

It is a common mistake to place the prepared lime in the purifiers in 
a comparatively dry and almost powdery state. Lime used in tiiis 
condition is less effective than when thoroughly moistened. It is also 
a wasteful method of using the lime, as a large proportion of the 
material will be found unspent, and almost untouched by the impuri- 
ties, when the vessel requi^res to be changed. The finely divided lime is 
also more liable to cake than the other, and thus increase the back 
pressure. When the production of gas is great, as in the depth 'of 
winter, these disadvantages are strongly felt. 

Mr. Forstall's instructions for preparing the lime are exoelleiit. 
^After it has been thoroughly well watered, "A simple and effective 
■^means of gauging the proper degree of moisture, and securing its 
J uniformity throughout the whole charge of lime operated upon, is to 
pass the slaked lime through a wire screen, with an open mesh of one 
, square inch area, placed at an angle of 70^ with the floor. This screen- 
jJc^'neduceB the lumps to granumr pellets of irrej^ar form and siie, 
'ihe Utrgeat nOt Exceeding the bulk of a small hickory nut. The pro^r 
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degree of moisture is that be^'ond which any excess will cause the 
* dou^h ' to adhere to the screen instead of breaking through. Slight 
variations of moisture in different portions of tlie cliarge are corrected 
by the thorough mingling of the whole in the screening. The pellets 
do not adhere to one another spontaneously, but can be shoYelled into 
barrows, and reshovelled into the purifiers without losiujg^ their inue- 
pendence : but the slightest compression and working in the hand 
reaolYes them immediately into adliesive putty. The lime in this state 
is so penetrable to gas, that lumps as large as walnuts are thoroughly 
satarated, even when lying loosely upon the surface of the layers." The 
weight of the lime prepared in the manner described, and ready for the 
purifiers, is 92 lbs. to tiie bushel. 

Quick lime nearly doubles in bulk on being slaked. 

From 90 to 140 lbs. of quick Ume, reduced to a hydrate, are required 
in thepurification of the gas produced from 1 ton of canuei, and from 
60 to 80 lbs. of that produced from 1 ton of coal. 

Mr. Hislop has patented a process of calcination in suitable kilns by 
which the spent Imie is converted into quick lime to an almost imlimite<l 
extent, and at considerably less cost than new lime. A nuisance is 
thus got rid of, and further economy in purification effected. 



Purification hy meaiis of Ht/drated- Peroxide of Iron. 

Oxide of iron possesses the property of cbnibining with the sul- 
phuretted hydrogen, but it has no affinity for carbonic acid and bi- 
sulphide of carbon ; hence when this oxide is used exclusively, the two 
latter named impurities are still present in the gas as supplied from 
the holders. This remark, however, needs some qualification. As oxide ' 
of iron, pure and simple, it has no afiinity for bisulphide of carbon 
and other sulpho-carbon compounds, but from the observations made 
at the several metropolitan gas-works, Mr. B. H. Patterson (one of the 
Referees) deduced the interesting fact that the sulphur which is present . 
in a minute state of division in the oxide of iron, after the latter has 
been in use for some time and frequently revivified, possesses the power 
of arresting a portion of the bisulphide of carbon. 

The hyc&ated peroxide of iron may be either the natural oxide, bog 
iron ore, as it is called, found largely deposited in some of the bogs in 
Ireland and elsewhere; or the artificial oxide, obtained as a waste 
product from various processes of the manufacturing chemist. 

(hude of iron possesses this advantage over lime : After it has been 
in the purifier, and has taken up its quantum of sulphuretted hydrogen, 
it can be revivified on exposure to the air. Accordingly, when this 
material is used, a floor has to be provided on which it can be spread 
out, and turned over for revivification. At the Manchester Gas-'W orks, 
a horse and plough are employed for turning over the foul oxide. 

When taken out of the purifier it is sulphide of iron, of a dense black ; 
and after exposure it changes to its original reddish brown colour, 
oxygen having been taken up, and sulphur deposited in the free state 
in uie mass. When the sulphur is found in it to the extent of about 
66 per cent, by weight, the material is returned to the manufacturing, 
chemist, and replaced by fresh oxide. 

Mr. J. G. Hawkins has discovered tliat by drawing in a ver^r small 
proportion of air at the inlet to the condenser, revivification in situ 
can be effected to a large extent. The purifiers are thus made to con- 
tinue in use for a greater length of time Vfit\iOU\. c\\b.\v:^V[^^^Nxi^»N>>^*a 



» 
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remarkable that the oxide by this procesB can be charged with as much 
as 75 per cent, of free sulphur. The illuminating power of the gas is 
not affected by the air, the oxygen of which enters into combination 
^\dth the purifying material. Purifiers with a proportionately lai^e 
area in comparison with the make of gas, are required to obtain the 
full advantage of this process. 

In using zresh oxide of iron it is necessary to exercise certain pre- 
cautions. The foul material, on its exposure to the air for the nrst 
two or three times, absorbs oxygen so rapidly as often to generate very 
intense heat, the whole mass frequently becoming red hot. Should 
this occur in the purifiers the danger is considerable, and the wood 
grids may be completely destroyed. Whenever, therefore, a purifier 
containing such new oxide has been put out of action, it should be 
emptied without delay, and the foul material spread out on the revivi- 
fying floor. The danger of ignition may be overcome by mixing the 
new oxide with a proportion of the spent. 

Average Composition of the Bicker Descriptions of Native Bog Ore for 
Purifying Furposea, dried at 212° Fahr, {King's Treatise) : — 

Ferric oxide 60 to 70 per cent. 

Organic matter 16 to 25 „ 

Silica. .,....«.* 4 to 6 „ 

Alumina 1 „ 

As generally used, the material contains SO to 40 per cent, of water. 

Purification hy means of Oxide of Calcium {Ume), Sulphide of Calciwm, 
{foul or spent Urns), a/tul Oxide of Iron. 

Lime alone, or the lime and oxide of iron, when properly applied, are 
capable of freeing the gas entirely of the whole three impurities, C4.r- 
bonic acid, sulphuretted hydrogen, and bisulphide of carbon. This 
brings us to the method of purifying expounded by the Beferees in 
their report to the Board of Trade on Sulphur Purification at the 
Beckton Gas- Works, January 31st, 1872 ; and also by Dr. Odling, some- 
what more in detail, in his lecture on Sulphide of Cfarbon, delivered at 
the Annual Meeting of the British Association of Gas Managers, held 
in London, in June, 1872. 

To accomplish this perfect purification in accordance with the sug- 
gestions made by Dr. Odling, three sets of purifiers are required ; the 
gas passing through the first set into the second, and on to the third, 
from which it makes its exit through the station-meter into tiie holders. 
The modu^ operandi is as follows : — 

Let it be assumed that three sets of purifiers, consisting of four 
vessels each, are employed. Nine of these are constantly in action, 
three being at rest (one from each set), for the purpose of changing or 
revivifying tiie purifying material. 

The first and second sets are charged with lime, the third set with 
oxide of iron. 

Say the whole nine are newly charged. On the gas from the scrub- 
bers entering the first set, the lime is acted on by the carbonic acid and 
sulphuretted hydrogen simultaneously, leaving the bisulphide of carbon 
At the beginning of the process to pass unabsorbed. After they have 
worked for some time the sulphuretted hydrogen in the first set is gra- 
doBl/jr expelled by the incoming carbonic acid, for which the lime has 
» stronger affinity. The second wet is ivow "bem^ lo\A^ ''with sul- 
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phuretted hydrogen, the lime heing wholly or hi part changed in 
charaoter, having become sulphide of calcium, in which utate it has an 
affinity for, and consequently arrests, the bisulphide of carbon and 
other sulpho-oarbon compounds: whilst the unabsorbed sulphuretted 
hydrogen passes on to be finally taken up by the oxide of iron with 
-wnich the nnal set of purifiers is cliarged. By the application of the 
proper tests at the several sets of puriners, the time for changing the 
material is ascertained. 

The question of supplying gas entirely free from sulphur in any 
form is a formidable one for gas companies ; not so much because of 
the cost (though that is considerable) of erecting tlie additional sets of 
purifiers, as from the difiiculty of providing tlie necessary ground space 
for their erection. In new works about to be constructed the thinff 
is easily arranged ; but in the majority of works already established 
it would not be easy to carry the system into effect. 

As regards the question of cost, a careful estimate shows that to 
adopt the extended method of purifying as enunciated, would entail 
an outlay of additional capital equivalent to close upon 2d. x>er 1000 
cubic feet of gas sold. 

The property of absorbing or arresting bisulphide or disulphide of 
carbon possessed by the sulphide of calcium, was known by chemists 
and some observant managers of gas-works for a period considerably 
anterior to the date of the publication of either the able report of the 
Beferees, or of the valuable lecture of Dr. Odling, and the principle 
of purification, therein recommended acted on to some extent. Dr. 
Leftneby, in a ps^per communicated to the British Association of Gas 
Managers in 1870, speaking of the mode of purification pursued at 
the Great Central Works, and, after referring to the scruhbers, goes 
on to say, that " the gas is then passed through a series of dry nme 
purifiers, which present a very large surface for absorption ; and the 
lime is purposely left in the puriners after it has become foul, and 
until a good deal of the sulphuretted hydrogen first absorbed is dis- 
placed by carbonic acid, in this manner ^he natural affinity of 
sulphide of calcium for bisulphide of carbon is permitted to act, and 
much sulphur, In this objectionable form, is retained. Leaving the Ume 

Eurifiers, the gas, which is still charged with more or less of sulphuretted 
ydrogen, is passed through oxide of iron. • • «" * 

llie chemical effect of these operations is very intelligible, for sul- 
phide of anmionium (in the scrubbers, &c.) and sulphide of calcium are 
both endowed with the power of combining with bisulphide of carbon, 
and therefore of absorbing and fixing this objectionable impurity. It is 
manifestly then, of the greatest importance that coal gas should be 
kept in contact with these substances as long as possible during the 
process of purification. * * * In the case of sulphide 

of calcium, it should be permitted to act for some time after the lime has 
become foul, for it is in this condition that it is most effective, and a 
lime purifier should not be changed until tlie sulphuretted hydrogen of 
the foul Ume is largely displaced by the carboiiic acid of the raw gas. If 
it be necessary to use oxide of iron, on account of the difficulty of dis- 
posing of foul lime, it should be used after the lime." 

It remained, however, for Mr. B. H. Patterson to show, which he did 
conclusively, that this complete purification could only be successfully 
attained by nrst extracting the carbonic acid, as, until tiiat was entirely 
removed from the crude gas, it was impossible to obtain the sulphide of 
caloiam in sufficient quantity or condition to arrest the bisulphide of 
carbon. 
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Purification by means of Caustic Soda and Sulphide of Sodium, 

Mr. Patterson has patented a process of purifying by washing or 
scrubbing the gas in s^utions of caustic soda and sulphide of sodium, 
extracting the carbonic acid and sulphur impurities, and so dispensing 
altogether with the ordinary lime and oxide of iron purifiers. The 
soda solutions, when saturated with the impurities, possess the impor- 
tant quality of being easily and perpetually revivined or restored to 
their original state on the gas works, whilst the whole of the sulphur is 
secured for sale. Theplan, nowever, has not been tried on an adequately 
large scale. 

Purification by means of Caustic Am^monia, and Carbonate of 

Ammonia. 

Attempts have been made by Mr. Laming, Mr. Livesey, Mr, F. C. 
Hills and others, to purify the gas in closed vessels by employing the 
ammonia found in the gas, for arresting the other impurities. Unfor- 
tunately, the loss of ammonia at each time of desulphurating the liquor, 
owing to its extreme volatility, has hitherto prevented success in this 
direotion« 



CLASSIFICATION 



Of tlie best known Limestones of this Country^ in the Order of their 
Purity, and which Order also expresses their Value for the purpose 
of Purifying Coal Gas. {Hughes) 

1. The white chalk limestone of Merstham, Dorking, Charlton, Erith, 
and other parts of the chalk range surrounding the metropolis. 

2. The grey chalk limestone, from the lower beds of chalk. 
8. The blue beds of the upper and middle Oolites. 

4. The lower white and grey limestones of the Oolites. 

5. The most calcareous and crystalline beds of the carboniferous or 
mountain limestone, colours grey and bluish. 

6. The magnesian limestone oi Yorkshire and Derbyshire. 

7. The white lias limestone. 

8. The blue lias limestone. 

9. The Silurian limestone of Wenlock, Dudley, &c., and the coralline 
limestones of Plymouth and the neighbourhood. 



\ 



The value of limestone as a purifying agent is in inverse proportion 
to the amount of earthy or foreign matter it contains: tliat which leaves 
the smallest proportion of insoluble sediment on oeing dissolved in 
diluted acid is the best. 

Limestone is the carbonate of lime found in its natural state, from 
which the oxide of calcium (quick or caustic lime) is produced by the 
expulsion of the carbonic acid by means of heat in the limekiln. 

Quick or Caustic Lime (oxide of calcium) is lime in the solid state, 
before absorbin|^, or b6ing slaked with, water. 

Hydrate of Lime is lime in a moist state. It is a chemical compound 
of lime and water in the proportion of one part of water to thi^ee parts 
of lime. 

Mz'lA: ofZifne, or Cream of Lime^ is a mixture or solution of hydrate 
of lime and water. 
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WEIGHT AND MEASUREMENT OP MMB. 

1 bushel of quiokliine weighs about 70 lbs. 
1 cubic footed •• M 64 



II 



1 ton of 



yard of 






i> 



M 

11 



» 



1460 „ 
is equal to about 32 bushels. 



TABLE 

noing the Composition of the Different Limestones and their 
Specific Gravity. (Government Commission.) 



Quality of LimttUone 

and 

liOcaUty. 



Master, Lincolnshire . . 

i«h Box, Wiltshire . . . 

nrilandt Dorsetshire . . 

stton, Ratlandshire . . 
iniack,Northainptonshire 

lilmark, Wiltshire . . . 

un Hill, Somersetshire . 



Garbo- 
Bate of 
Xime. 



98fid 
94-59 
95- 16 
92- 17 
98-40 
79-00 
79-80 



Carbo- 


smea. 


Jrm. 


Water 


nate of 


Alnmina. 


and 


Magneda (Flint.) 

1 


(Clay.) 


Loae. 


t>90 


•80 


9-71 


2-60 , .. 


1-90 


1-78 


1*20 ; 1-90 


*«> 


1*94 


4-10 


*90 


9-K8 


8-80 


• • 


1-80 


1-50 


8-70 


10*40 


900 


4-90 


5-90 


4-70 


8-80 


9-50 



A trace of bitumen was observed in each of the above. 

dsover, Derbjrshire 
sddlestone, Yorkshire . 
)che Abbey do. 
\3ck Nook do. 



6110 


40-90 


8*60 


1*80 


8*80 


6419 


41-87 


9-58 


•80 


1*61 


67-60 


89-40 


•80 


•70 


1*60 


65-70 


41-60 


• • 


•40 


9*80 



Bpeettc 

Gravity . 

(Diy.) 



9*189 
1-8B9 
9-146 
9046 
9*090 
9*481 
9*900 



9-816 
9-147 
9-184 
9-188 



PURIFYING house;. 



house to contain the purifiers should be lofty and well venti- 
Qot only forthe comfort of the workmen eniployed therein, but 
eo or entirely remove the risk of explosion mm any leakage of 
at might occur. The house should also be arranged with a view 
ire extension. 

a convenient plan to build the house with a ground and upper 
knd to place tne pnrifving vessels on the latter, with the con- 
ns and centre valve unoemeath and fully exposed and aooessible. 
round floor can thus be used for revivifying the oxide of iron, if 
laterial is employed, or for other purposes. 

vessels are discharged through an opening in the bottom of each, 

by a gastight lid, and the fresh material is raised by means of 

Uess ladder, or other suitable elevatinjg apparatus, to the floor- 



PURIFIERS, 

Construction and Arrangem>ent of the Purifiers, 

purifying vessels are almost invariably made of cast-iron, witl^ 
ron covers secured with suitable fastenings, to preven.tthfi\x\)(^vcsi^ 
>y the incoming gas pressing on tiheir undAX i^\>x\ai^. 
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seoond set of two pnrifiers is used in addition to the Hories of four, and 
these are connected together, and to the others, with single or four- 
way valves. (Fig. 41.) Under this arrangement the set of four are 
charged with oxide to arrest the sulphuretted hydrogen, and the set of 
two with lime to take up the carbonic acid, the gas passing through 
them in the order shown. 

Depth and heat Form of Purifiert. 

In determining the size of purifiers, where either dry lime or oxide 
of iron is intended to be used, it is of the utmost importance to pro- 
vide a liberal superficial area, and to make ample allowance for increased 
gas-make. 

One of the greatest sources of discomfort to a gas manager is having 
bis purifiers so cramped and confined in their area as to be incapable of 
doing the work reauured in an efficient manner. 

The ordinary and best form of purifier is the square or oblong ; this 
^Aajpe n the cheapest, affords the largest area for the space occupied, and 
is also the most convenient as regards the placing of the trays or grids. 

The usual depth of purifiers is 5 feet ; in some large gas-works they 
are 6 feet deep. 

The capacity or purifying power of the vessel is determined more by 
its superficial area than its cubical volume. There is, however, a mutiuil 
relation between the two, as, when the depth is increased and fuUy 
utilized, the surface area has to be proportionately augmented, on 
account of the resistance offered by the deeper material to the flow of 
the gas. It is more strictly correct, then, to say that the superficial 
area, in proportion to the depth of the puri^ing material, is the ^uge 
of the capacity or purifying power of the vessels ; and tiie maximum 
hourly or daily gas-make of which the works are capable should form 
the basis of any calculation to determine their size. 

Rules for Determining the Size of Purifiers » 

It is stated in Clegg (4th ed., p. 200), that " the usual calculation with 
gas-makers in France is, that an area of about 1 foot is required for 
every 250 Ibs.of coal carbonized in 24 hours, each purifier being supposed 
to contain three sieves, which would amount to about three square yards 
of surface to each ton of coal carbonized." This is not very explicit. 

The same also states " that for every 150 cubic feet of gas per hour 
which can be generated, each purifier shoidd present one superficial 
foot of surface." This allowance is absurdly small, and in practice, 
with anything near the maximum production, would be found alto- 
gether inadequate. 

The rule given in Hughes (3rd ed., p. 168) is much to be preferred — 
vie., " Allow one superficial yard of sieve for every 1000 cubic feet of 
gas produced per diem." 

Ad^ting this rule, a works capable of producing a maximum of 
220,000 cubic feet of gas per day of 24 hours will require four purifiers, 
each 10 feet square, and having five tiers of lime sieves each. 

Another rule, agreeing closely with the above, is to allow 10 square 
yards of sieve for every ton of coal and cannel that can be carbonized 
in 24 hours. 

I venture on another rule which experience has taught me to regard 
with more favour than any of the above — ^viz., that where there is in- 
tended to be four purifiers, three always in action, the maximum daily 
(24 hours) make of gas, expressed in thousands, iQ.'V]itv^\i<&^ Xyj \ia» 
constant '6, will give the superficial area in ieet ol esft\v^\iLTAfcT. 



loe 
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BzAJipLE. — Beqaired the saperficial area of each q1 the tour piuiilerB. 
in A works equal to the prodnctioD of 600,000 oubio feet of gas per dj«m 
of 3i honrg. 

GOO X '6 =• SOO feet snperflciol area ot each purifier. 
V' 800 = 17'3 (say, 18) feet side of square of purifier. 
For very small norliB where there is no eihaueter, the constant '8 
maj be emplojed with advantafie. 

Water Jiulafor Covert and Hydraulic Centre'ValBe. 

The evits of contracted area in puri£ers are aggravated by having a 
ihallow seal to the lids or covers and the hydraulic centra-vrrive. 

In small works the water lute should never be less than 12 inidiea 
deep by 1) inches wide ; and in medium sized and large works, from 
IB to 24 inches by B to 8 in width. 

Ample depth of water lute is especially important where the back 
pressure is increased by the use o( telescopic holders. 



Nwnber of Layert of Purifying Haterial. 

In purifiers charged with hydrate of lime, there 
may be two or four tiers of sieves. The lime spread 
upon their sarface may be from 4 to 8 inches in 
depth. 

When oiide of iron is ii8ed,the layers may betwe 
-U number, and the material 18 or 24 inches deep on 

Sievei, Ttayt, or Grids for Lime and Oxide 

Bound wrought-iroD rods, i of an inch thick, bound 
together with a framing of angle or fiat-iron, make 

I an excellent tray, especially where lime is used ; they 
are less suitable for oxide of iion, which destroys 
Uiem by corrosion, though when made ot the strength 
named, they last for many yeara. They poasaaa a 
great advantage over most other trays in the amallar 
space which they oooupy in the purifier, and the 
larger porifying area obtained by their use. Fer- 
lorated cast-iron and wood traya are snitable for 

I ^ther lime or oxide. The latter are usually made 
with strips of wood (yellow pine, pitch pine, or' red 
deal, the prices being as 3, Q, 1) of any convenient 
leiuth ; the strips are li inch broad, i an inch thick, 
and slightly tapered, the outer pieces or frame being 
ot harder tim&r (hickory, beech, or ash), and II 
inches thick; the whole bound together with l-incb. 
bolts and nuts, having the heads, washers and unta 
countersunk in the Eiide frames, and the holes plugged 
with cement. The strips are kept i an inch to &SUu 
ot an inch apart by pieces of wood ot that thioknesa, 
and 1} inches square, put between them at the plaoes 
wliere the bolta are miexUi (^\%. 4^.^ 
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Apparatus for Baiting the Lids or Covers, 

For raising the lids or covers of the purifiers, various contrivances 
«re employed, the most common being a double piirchase crab, travel- 
ling on iron nuls laid on either wooden beams, or iron lattice girders, 
having their ends inserted in the walls of the building; or, in the 
absence of walls, supported on pillars. 

The lifting machine, sometimes called a " Goliath," first constructed 
by Messrs. Cockey and Sons, is a useful and compact contrivance for the 
same purpose. This consists of two standards, one on each side of the 
niirifier, connected across the top by two girders a few inches apart. 
The standards, having grooved or flanged wheels, or rollers attached, 
traverse thepurifyiug house from one end to the other on rails laid on 
the floor. Tne covers are raised by means of two long vertical screws, 
with an eyelet-hole at the end of each, in which the hooks on the lid 
are inserted, and moved by a winch and cog-wheels put in motion by 
means of a handle at one of the sides. When the apparatus is not in 
use it can be wheeled out of the way, leaving the space above the 
purifiers to the tie-rods or beams of the roof entirely unobstructed. 

Mr. Beid employs a somewhat similar travelling carriage; but, 
instead of the wheel gearing and screws, he uses hydrostatic pressure 
for accomplishing the same object. A full description, with drawing 
of his ingenious apparatus, was submitted by him to the North British 
Association of Gas Managers, at their meeting in July, 1872, and 
Appears at length in the Journal of Oas Lighting tor Aug. 27 of the 
same year. 

Centre and other Change Valves. 

The dry centre valve, with surface faced to fit gas-tight, is now 
extensively adopted, and, as a rule, is preferred to the old hydraulic 
■centre- valve. The chief advantages it possesses over the latter are the 
greater ease and facility in changing from one purifier to another, 
one man being able to accomplish this with a few turns of a handle, 
thus minimizing to the utmost extent the passage of uupurified gas 
during that operation. It occupies less space, is entirely beneath the 
purifying-house floor, and presents a dead resistance to pressure, 
admitting of greater steadiness in the flow of the gas where an ex- 
hauster is at work. 

Four- way valves are adopted by some managers in preference to tiie 
centre-valve, their chief recommendation being that by their use the 
connexions are simplified. The advantages wnich they possess over 
the ordinary single valve are more apparent. When the latter are 
employed, 12 are needed for a set of four purifiers, and six for a set of 
two; whereas, with the four-way valves, only one-third that number is 
required. 

Size of Connecting-Pipes, 

With respect to the size of the eonnecting-pipes, the rule is to make 
their internal diameter, in inches^ equal, as nearly as possible, to the 
square root, in feet ^ of the area of the purifiers. 

Thus, purifiers 10 feet square, giving an area of 100 square feet, have 
connecting-pipes 10 inches in diameter ; and purifiers 16 feet by 12 feet, 
having an area of 192 square feet, have their connecting-pipes 14 inches 
in diameter. With the larger proportionate sizes .w. purifiers now 
being employed over those formerly erected, a deduction ol \ xca^ 
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lately be made Irom tbe result t>bCaiiied by tbe above rule. Thu 
mle on pp. 107-8), a wotke capable of prodacing 600,000 cnbio feet 
Mr da; requim four purifiers, having each an area ol 900 iqiiai 
[600 X -8 = 800J, the Miuire root bemg 17-8; deductlDg i. or ! 
baTe IS'l, or, say IS inotiei, the diameter of connectuig-pipes. 



DBOBT'S MATH IHBRMOHEIEB. 

The illQKtnitioiis (Figs. 43 to 4S) show the improved arraiig< 



Pio. 13. 

1 1 ^)Bf^'*-«Ji*aJ"B .^^kr 1 




FlO. 45. 



Invented by Mr. Drory, for ascertaiDing the temperature of U) 
nusing through the condenser and other apparatiu, and the ti 
It conaistB of an outer shell fitted with a conical hallow plug havi 
apfrture oorreapoiidiiii; tothat in the outer ehell. The tester i 
flt* into the plog contains a thermomeler, which on being ti 
opposite to the apertures is in immediate contact with the gas, a 
withdnwal the temperature is aicertaiiied. For attaching the t 
» hole Boitable for a l-inch wroaght-inon pipe is drilled and U 
in tbe pipe or aide of the apparatus, and the uutrumenl is sci 
tberein. 
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pMS for about a minnte. If the yellow oolonr of the turmeric be 
Qxned to brown, or if the blue of the litmus be restored, ammonia is 
Kresent. 

Tormerio and litmus papers may be purchased at the chemists, or 
hey can be prepared as follows : — 

TuBMEBic Fapeb. — Slx parts by weight of spirits of wine are- 
added to one of turmeric powder in a stoppered bottle, and well 
shaken up occasionally for three dajs. A portion of the clear 
fluid is then poured on a plate, and pieces of unsized white (filter- 
^^. pap^ well soaked therein. These are then dried in air,, 
cut into strips half an inch wide and 2 inches long, and kept for use- 
in a bottle away from the light. 

liiTMUs Fapeb. — Six parts by weight of water to one of powdered 
litmus, shaken well together, allowed to stand for several days, 
and then filtered. Pieces of white filtering paper are then 
thoroughly .soaked in the solution, dried, and cut into strips, which 
should be kept in a close stoppered bottle, excluded as much as 
possible from the air and light. Should it be desired to redden 
the solution, add (after filtration) a small quantity of very dilute- 
sulphuric acid, gradually, drop by drop, until the pink or neutral 
tinge is obtained. 



Carbonic Acid, 

Make a solution of pure barytes, and pass the ^s through it. If car- 
x>nic acid be present, carbonate of barytes wiU be precipitated ; or 
Ntss the gas through clear lime water, and carbonate of lime will be 
precipitated. 

It may also be detected by adding to water impreffuated with the 
pas a few drops of sulphuric acid, when minute buboles of carbonic 
bdd gas will be rapidly disengaged. 

Lime Wateb is prepared by agitating slaked lime with distilled 
water in a bottle or other vessel. It is then allowed to stand until 
the excess of lime has been deposited, when the clear liquid is 
poured ofi, and filtered through filtering paper. 



Sulphuretted Hydrogen. 

Moisten a piece of writing-paper with a solution of acetate of lead 
D distilled water, and expose it for not less than a minute to a jet of 
inlighted gas. If sulphuretted hydrogen be present, the paper will 
« browned or blackened. 

A solution of nitrate of silver is a more delicate test than the above. 
This requires to be kept in a bottle coated outside with tinfoil, and 
laced in a drawer or other dark place to protect it from the influence 
f the light. 

Lead Papeb may be made of white filtering paper soaked in 
the acetate of lead solution, then dried, cut into slips, and kept in 
a weU-corked bottle for use. But the solution applied to the paper 
at the time of making the test is preferable. 



112 



NBWBIGQING'S HANDBOOK FOR 



The following are the regulations given in Schedule A of the 
Works Clauses Act, 1871, in respect of the apparatus and mo 
testing for sulpheretted hydrogen : — 

Apparatus for Testing the presence in the Gas of Sidphu 
Hydrogen. — A glass vessel containing a strip of bibulous 
moistened with a solution of acetate of lead, containing slKty ^ 
of cr3rstallized acetate of lead dissolved in one fluid ounce of wat 

Mode of Testing for Sulphuretted Hydrogen. — The gas shf 
passed throup^h the glass vessel containing the strip of bibulous 
moistened with the solution of the acetate of lead tor a period of 
minutes, or such longer period as may be prescribed ; and if an 
coloration of the test paper is found to have taken place, this is 
held oonolusive as to the presence of sulphuretted hydrogen i 
gas. 

Sulphur. 

The sulphur present in gas, due to 
pounds oliner tnan sulphuretted hydi 
notably bisulphide of carbon, is esth 
by burning a jet of the fnis at the rat 
cubic foot, or half a cubic foot, per 
for 24 hours, from a Leslie or other b 
arranged within the wide end of a trr 
tube, whose upper and smaller end 
serted in a condenser, from the opposii 
of which a tube carries oft the uncond 
vapour, and creates a current throng 
apparatus. (See Fig. 46.) Through the 
and wide end, where the burner is fl: 
supply of air, to support combustion, e 
carrying with it the vapour of ami 
from liquid ammonia or pieces of th 
bonate contained in a suitable recej 
surrounding the burner. THq amj 
combining with the sulphurous QKsid 
the gas name, is deposited within^hc 
denser as sulphite and sulphate of ai_ 
from which the quantity of sulphur 
Fig. 46. cubic feet of gas is calculated. 




Illuminating Power and Impurities,. 

The illuminating power of gas may be high, and at the same 
a good deal of sulpnur and other impurities may be present. Pui 
not always in a given ratio with illuminating power. 



Harcourt's Colour Test. 

This is one of the most useful apparatus in the gas . mam 
laboratory for determining with ease and celerity the amount of 
phide of carbon, sulphuretted hydrogen, and carbonic aoid in 
g»3. The following is a description of the test, and direotios 



lis use. 
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Telling for Btnulphide of Carbon. 



;. 47, tlie fire-clay 




Thebulb, nhiohis filled with platinized pumice, is to be bo uljustAd 
thti it ma; be about an inch above the burner, and in the middle of the 
irhnder. 

To aae the apparatus, turn on tirst the upper stopcock. Bending gas 
Huimsb the bulb at the rate of about half a cubic foot an hour, as may 
b« judged by lighting the gaa (or a moment at the end of the horizontal 
vm, when a flaime about au inch In length should be produced. B&ise 
the cylinder, which will ho supported by the pressure of the wires, 
Kl^t the burner, and tarn down the flame till it forms a blue non- 
pninouB ring. Lower the cylinder, and place the small clay pieces 
^n it round the neck of the bulb. 

I A testing may be mode five minutes after the burner is lighted, 
bcept when the apparatus is first used, when the gas should be allowed 
bdow Lhrough the bulb for a quarter of ai^ hour, or a little longer, 
iDd any number of testing^, one after another as long ae the heat Is 
notinned. 
The mode of testinE is as follows : — Lay a piece of white paper on 
lie table by the aide of the burner, and fix a piece of cardboard upright 
I the brass dip ; the cardboard servee as a background against ivhtoh 
observe the colour of the contents of the glasaes, and should. leiievte 
aide light, ftnd be as dear aa poasibLe tioni shBdiiraB. '^''C^ one i^sxa 
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(once for all) up to the mark with standard coloured liquid, and cork it 
tightly. Dilute some of the lead syrup with twenty times its volume 
of distilled w^ater, and fill the other glass up to the mark with a portion 
of the liquid thus prepared. Insert the caoutchouc plug "with capillary- 
tube and elbow- tube, and connect, as shown in the figure, with the 
bulb and aspirator, placing the two glasses side by side. 

The aspirator should be full of water at starting, and the measuring 
cylinder empty. Turn the tap of the aspirator gradually ; a stream of 
bubbles will rise through the solution of lead. Turn off the tap for a 
minute, and observe tile liquid at the bottom of the capillary-tube. 
If it gradually rises, the india-rubber connections are not air-ti^ht, and 
must be made so before proceeding. Avoid pressing the plugs into the 
glass or the aspirator wmle they are connected, which would derive up 
the lead solution into the inlet-tube. When the connections are air- 
tight, let the water run into the measuring cylinder in a slender stream 
until the lead solution has become as dark as the standard. As the 
ascending bubbles interfere somewhat with the observation of the tint, 
it is best to turn oft the tap when the colour seems almost deep 
enough ; compare the two ; turn on the tap, if necessary, for a few 
moments, then compare again ; and so on, till the colour of the two 
liquids is the same. 

The volume of water which the measuring cylinder now contains 
is equal to the volume of gas which has passed through the lead 
solution. 

This volume of gas contained a quantity of sulphur as carbon bisul- 
phide which, as lead sulphide, has coloured the liquid in the test-glass 
up to the standard tint. The standard has been made such that to 
impart this tint to the volume of liquid 0*0187 grain of lead sulphide 
must be present, containing 0*0025 grain of sulphur. Hence, supposing 
the measuring cylinder, each division of which corresponds to l-2000tu 
cubic foot, to have been filled to the 30th division, 30-2000ths cubic foot 
of gas contained 0'()026 grain of sulphur. From this ratio the number 
of grains of sulphur existing as bisulphide in 100 cubic feet of thfl 
sample of gas tested can easily be calculated. 

The following table gives the relation between (V) the divisions of 
the measuring cylinder filled with water, and (S) the grains of sulphur 
existing as bisulphide in 100 cubic feet of gas. Since gas oontaini 
besides carbon bisulijhide, some other sulphur compounds which an 
not transformed into sulphuretted hydrogen by the action ot heat, 
and which contain sulphur amounting ordinarily to 7 or 8 grains in 
100 cubic feet, tliis quantity must be added to that found by tht 
test, if it is wished to know approximately the total amount of sulphur 
in the gas. 

Tabl£ 1. 
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xr the next testing, the test-glaHs is to be disconnected and 
lar^ed. The water in the measiu-iug cylinder is poured back into 
aspirator. 

le colour of the standard is unaffected by exposure to light, but 
le'ns if the liquid is warmed, returning to its original shade as tho 
id cools. If, therefore, the glass containing the standard has been 
warm place, it must be let cool before testing. 
le liquid which has been used becomes colourless after bein^ 
N^ to the light for a few hours, and may thus be used over anu 
' again for 20 times or more, if it is not allowed to absorb carbonic 
from the air. The best mode of working is to have two well- 
ed flasks, into one of which the coloured liquid is emptied while 
l^lass is re-charged from the other. 

Testing for Sulphuretted Hydrogen and Carbonic Acid. 

le apparatus may also be used without the bulb-tube and stand to 
^e amount of sulphuretted hydrogen or carbonic acid in gas at any 
B in its purification. 

16 gas is led in this case directly into the test-glass, which is 
"gad with lead solution for sulphuretted hydrogen, and with a 
rated solution of barium hydrate (baryta water) for carbonic 

lien the gas contains more than 50 grains of sulphur as sulpha- 
id hydrogen in 100 cubic feet, a smaller cylinder, containing 
Hh cubic foot, is used to measure the volume of liquid run from the 
rator. The divisions on the smaller cylinder are tenths of the cor- 
onding divisions on the larger cylinder ; therefore when it is used 
numbers under S in Table I. must be read as whole numbers by 
^ting the decimal points. 

) estimate carbonic acid a standard liquid containing a definite 
unt of suspended barium carbonate is used for comparison. The 
ses are placed side by side on a blackened board or piece of paper 
with a black background behind them. The passage of the gas 
lid be interrupted, and the test-glass slightly shaken once or twice to 
1 down any particles of carbonate which may cling to the sides of 
j^Iass above uie surface of the liquid. The standard should also be 
:en before the comparison is made, in order that the precipitates 
be in a similar coitdition,. When the two Uquids are judged to be 
lly white and opaque, the volume of water in the measuring. 
idCer gives the volume of gas wliich haa precvgiv^AXA^ a»>xfy9r^» 
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weight of barium carbonate. Table IT. gives the relation between 
(V) the divisions of the large measuring cylinder filled with water, and 
(C) the volume of carbonic acid in 100 volumes of gas. When the gas 
contains more than '72 per cent, of carbonic acid, the smaller measuring 
cylinder should be used, and the values of (C) multipUed by moving the 
decimal point one placie to the right. 
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After each testing the glass and capillary-tube should be cleaned 
with a little dilute hydrochloric acid and well rinsed with distilled 
water. The turbid liquid is poured into a fiask, which should be k&pt 
well corked, containing an excess of crystaUized barium hydrate. After 
the suspended precipitate has subsided, the clear liquid is poured, off, 
or, if necessary filtered, into another flask, also kept well corked, from 
which it may be poured into the test-glass when required. Care should 
be taken not to expose the solution to the air longer than necessary. 

Instructions of the Londo7i Gas Beferees as to the Times and Mode 

of Testing for Furity. 

The testings for purity shall extend over twenty hours of each day, 
and shall be made upon ten cubic feet of gas, which sliall be tested 
successively for each of the following impurities : 

I. — Sulphuretted Hydrogen, 

The gas shall be passed as it leaves the service pipe through an 

apparatus in which are suspended slips of bibulous paper, impregnated 

with basic acetate of lead. 

The test-paper from, which these slips are cut is to be prepared from 

^jjne to time by moistening sheets oi bibulowa -po^ex >N\th. a solution of 

c^ne part of Bvgar of lead in eight or nine -pwcta ol vj%.\fit,%.\i'aL>as^i^tt4i, 
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each sheet while still damp over the sarface of a strong solution of 
ammonia for a few moments. As tlie paper dries all free ammonia 
Mcapes. 

If anv discolouration of the slip of test-paper is found to have taken 
plaoe, tms is to be held conclusive as to tne presence of Bulphiiretted 
nydrogen in tiie gas. Fresh test-slips are to be placed in the appa- 
ratus every day. 

In the event of any impurity being discovered, one of the test-slips 
shall be placed in a stoppered bottle and kept in the dark at tne 
testing-place ; the remaining slips shall be forwarded with tlio dailj- 
report. 

II .— il m fnom'a. 

The gas which has been tcHted for sulphuretted liydrogeu shall pass 
next through an apparatus consisting of a glass cylinder filled with 
glass beads, which nave bK>n iiKjistoued with a measured quantity of 
standard sulphuric acid. A set of burettes, properly graduated, is pro- 
vided.. 

The maximum amount of ammonia allowed is 4 grains per 100 cubic 
feet of gas ; and the testings shall be made so as to show the exact 
amount of amhionia in the gas. 

Two test-solutions are to oe used — one consisting of dilute sulphuric 
acid of such strength tliat 25 measures (septems) will neutralize 1 grain 
of ammonia; the other a weak solution of ammonia, 100 measures 
(septems) of which contain 1 grain of ammonia. 

The correctJiess of the result to be obtained depends upon the ful> 
illment of two conditions : — 

1. The preparation of test-solutions having the proper strength. 

2. The accurate performance of the operation of testing. 

To prepare the test-solutions the following processes may be used by 
the Gas Examiner : — 

Measure a gallon of distilled water into a clean earthenware jar, or 
other suitable vessel. Add to this 94 septems of j)ure concentrated 
solphnric acid, and mix thoroughly. Take exactly 50 septems of the 
liquid and precipitate it w^ith barium chloride in the manner prescribed 
for the sulphur test. The weight of barium sulphate which 50 septems 
of the test-acid should yield is 13*8 grains. The weight obtained with 
the dilute acid prepared as above will be somewhat greater, unless the 
sulphuric acid usea had a specific gravity below 1*84. 

Add now to the diluted acid a measured quantity of water, which is 
to be found by subtracting 18*8 from the weight of barium sulphate 
obtained in the experiment, and multipljang the difference by 726. The 
resulting number is the number of septems of water to be added. 

If these operations have been accurately performed, a second pre- 
cipitation and weighing of the barium sulphate obtainable from 50 
septems of the test-acid will give nearly the correct number of 13'8 
{Hvins. If the weight exceeds 13*9 grains, or falls below 13*7 grains, 
more water or sulphuric acid must be added, and fresh trials made, 
until iJie weight falls within these limits. The test-acid thus prepared 
should be transferred at once to stox)pered bottles, which have been 
well drained and are duly labelled. 

To prepare the standard solution of ammonia, measure out as before 
a gallon of distilled water, and mix with it 50 septems of strong solu- 
tion of ammonia (sp. gr. 0*88). Try whether 100 sex)teniH of the t^st- 
alkali thus prepared will neutralize 25 of the test-acid^ procei^diw^^ 
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according to the directions given subsequently -as to the mode of 
testing. If the acid is just neutralized by the last few drops, the test- 
alkali is of the required strength. But if not, small additional quanti- 
ties of water, or of strong ammonia solution, must be added, and fresh 
trials made, until the proper strength has been attained. The bottles 
in which the solution is stored should be filled nearly full and well 
stoppered. 

The mode of testing is as follows : — Take 60 septems of the test-acid 
(which is greatly in excess of any quantity of ammonia likely to be found 
in the gas,) and pour it into the glass cylinder, so as to well wet the whole 
interior surface, and also tlie glass beads. Connect one terminal tube 
of the cylinder with the gas supply, and the other with the meter, and 
make the gas pass at the rate of about half a cubic foot per hour. Any 
ammonia that is in the gas vnll be arrested by the sulphuric acid, and 
a portion of the acid (varying with the quantity of ammonia in the gas) 
wUl be neutralized thereby. At the end of each period of testing, 
wash out the glass cylinder and its contents with distilled water, and 
collect the washings in a glass vessel. Transfer one-half of this liquid 
to a separate glass vessel, and add a quantity of a neutral solution of 
heematoxylin or litmus just sufficient to colour the liquid. Then pour 
into the burette 100 septems of the test-alkali, and gradually drop tJiis 
solution into the measured quantity of the washings collected, stirring 
constantly. As soon as the colour changes (indicating that l^e whole m 
the sulphuric acid has been neutralized), read off the quantity of liquid 
remaining in the burette. To find the number of grains of ammonia 
in 100 cubic feet of the gas, multiply by 2 the number of septems of test 
alkali remaining in the burette, and move the decimal point one 
place to the left. 

The remaining half of the liquid is to be preserved for a week in a 
bottle duly labelled. 

■ 

III. — Sulphur Oompounda othsr than Sulphuretted Hydrogen. 

The gas which has been tested for sulphuretted hydrogen and am- 
monia shall pass next through a meter by means of whicn the rate of 
flow can be adjusted, to half a cubic foot per hour, and which is pro- 
vided with a self-acting movement for shutting off the gas when ten 
cubic feet have passed. 

The testing shall be made in a room where no gas is burnt other 
than that which is being tested for sulphur and ammonia. 

The apparatus to be employed is represented by the diagram, (Fig. 46), 
and is of the following description : — The gas is burnt in a small 
Btinsen burner with steatite top, which is moimted on a short cylin- 
drical stand, perforated with holes for the admission of air, and 
having on its upper surface a deep circular channel to receive the 
vdde end of a glass trumpet-tube. On the top of the stand, between 
the narrow stem of the burner, and the surrounding glass trumpet-tUbe, 
are to be placed pieces of commercial sesqui-carbonate of ammonia 
weighing in all about 2 ounces. 

The products both of the combustion of the gas and of the gradual 
volatilization of the ammonia salt go upwards through the trumpet- 
tube into a vertical glass cylinder, packed with balls of glass, to break 
up the current and promote condensation. From tlie top of tlie 
cylinder there proceeds a long glass pipe or chimney, serving to effect 
ifome further condensation, as well as to regulate the draught and 
afford an exit for the uncondensable gases. In the bottom of the 
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cylinder is fixed a small glans tube, through which tho liquid (fomiod 
dnringthe testing) drops into a beaker placed boneath. 

The following cautions are to be obser\'ed in selecting and setting u[> 
the apparatus : — 

see that the inlet-pipe fits gas-tight into the burner, and that th(> 
holes in the circular stand arc clear. If the burner gives a hut) inous 
flame, remove the top piece, and having hammered down gcntl\' 
the nozzle of soft metal, perforate it afresh, making as small t\ hole 
as will give passage to half a cubic foot of gas per hour at a conve- 
nient pressure. 

See that the tubulure of the condenser has an intfrual diameter 
of not less than i inch, and that itH outside is HUtootli and of the 
same size as the small end of the truniiiet-tnbe. 

See that the short piece of india rubber pii>e iits tightly both U> 
the trumpet-tube and to the tubulure of the condenner. 

The small tube at the bottom of the condenser Hhould have its 
lower end contracted) ho that when in use it may be closed by a 
drojp of water. 

The india-rubber pipe at tlie lower end of the chimney-tube 
shotdd' fit into, and not Rimply rest upon, tlie mouth of the con- 
denser, and the upper extremity of this tube may with advantage 
be given a downward curvature. 
At the end of each period of testing, tlie cylinder and trumi)et-tubo 
are to be well washed out with distilled water. Fresh pieces of seuqui- 
oarbonate of ammonia are to be used each day. 
The gas examiner shall then proceed as follows : — 
The liquid in the beaker and the water used in washing out the 
apparatus shall be })ut into the same vessel, well mixed, and measured. 
Cme-half of the liquid so obtained is to be set aside, and pro8ei*ved for 
a week, properly labelled, in case it should be desirable to verify the 
oorrecbiess of the testing. 

The remaining half of the liquid is to be put into a flask, or beaker 
covered with a large watch-glass — ^treated with hydrochloric acid 
Bufficient in quanti^ to leave an excess of acid in the solution — and 
then raised to the boiling point. An excess of a solution of barimu 
chloride is now to be added, and tho boiling continued for five minutes. 
The vessel and its contents are to be allowed to stand till the barium 
Bolphate settles at the bottom of the vessel, after which the clear 
Uquid is to be as far as possible poured off through a i)aper filter. 
The remaining liquid and bariimi sulphate are then to be poured on 
to the filter, and the latter well washed vdth hot distilled water. 
(In order to ascertain whether every trace of bariitm chloride and 
ammonium chloride has been removed, a small quantity of the washings 
fnnn the filter should be placed in a test tube, and a drop of a solution 
of silver nitrate added ; should the liquid, instead of remaining per- 
fectly clear, become cloudy, the washing must be continued until on 
repeating the test no cloudiness is produced.) Dry the filter witli its 
contents, and transfer it into a weighed platinum crucnble. Heat the 
omcible over a lamp, increasing the temperature gradually, from the 
point at which the paper begins to char, up to bright redness. W'hen 
no black particles remain, allow the crucible to cool ; place it when 
neaiiy cold in a desiccator over strong sulphuric acid, and again weigli 
it. The difference between the first and second weighings of the 
omoible will give the number of grains of barium sulphate. Multiply 
this nnmber by 11 and divide by 4 ; the result is the number of grains 
of sulphur in 100 cubic feet of the gas. 
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This number is to be corrected for the variations of temperature 
and atmospheric pressure in the manner indicated under the head of 
Illuminating Power (see post)^ with this difference, that the readings of 
the barometer and thermometer are to be taken for the day on which 
the testing commenced and also the day on which it closed ; and the 
mean of the two is to be used. 

This correction may be made most simply and with sufficient accu- 
racy in the following manner : — 

When tiie tabular number is between 956-965, 966-975, 976-986, 986-996 ; 
increase the number of gi-ains of sulphur by ^J^ths, y^^yths, y§x>ths, 

When the tabular number is between 996-1005, no correction need be 
made. 

When the tabular number is between 1006-1016, 1016-1026, 1026-1036 ; 
diminish the number of grains of sulphur by T^^jth, -rJxyths, -i-gutiis. 

' Barometer (mean) 29*4 

Thermometer (mean) 58 

Tabular number 985 



Example : 



Grains of barium sulphate from 6 cubic ft. of gas 4*3 

Multiply by 11, and divide by 4. ' 11 



4 ) 47-3 



Grains of sulphur in 100 cub. ft. of gas (uncorrected) ..... 11'82 
Add 11-8 X tJxt = '24 

Grains of sulphur in 100 cub. ft. of gas (corrected) 12*06 

[Hesult : 12*1 grains.] 

As to the maximum aynounts of impurity in each form with 
which the gas sh-all he allowed to he charged. 

Sulphuretted Hydrogen. 

By the Acts of Parliament all gas supplied must be wholly free from 
this impurity. 

Ammonia. 

The maximum amount of this impurity shall be 4 grains per KX) 
cnbio feet. 

Sulphur Compounds other than Sulphuretted Hydrogen. 

The maximum amount of sulphur with which gas shall be allowed 
to be charged shall be 22 grains of sulphur in every 100 cubic feet 
of gas. 

STATION METEE HOUSE. 

The station meter house, if conveniently situated on the works, and 
made sufficiently large, may contain in addition to the meters, the 
station governors, exhaust, and pressure register, a range of pressure 
gauges, and a jet photometer. 

When thus arranged they are all within the purview, and immediately 
under the control, of the workman in charge. 
The meter house is susceptible of ornamentation, and should have a 
Ji'ttJe bestowed upon it, besides being kept scrupulously clean and well 
vent/Jated. 
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Station Meter. 

The quantity of gas mannfactured, an it paRBen into the holders, 
iter its parifioation lias been completed, is measured and recorded by 
he station meter. 

This is invariably of the " wet ** description : that is to say, the 
aeasuring wheel is caused to revolve by the elastic force of the gas 
tressing upon the surface of a body of water, with which the vessel is 
iharged up to a certain line. 

In construction it differs slightly from the wet meters used by 
onsumers, but its principle of action is identical with these. 

The meter case, which is of. cast-iron, is made either cylindrical 
Pig. 48), or reotaugolar (Fig. 49) ; the former shape being generally 




Fig. 48. 



Fio. 49. 



idopted for sizes up to 20,000 cubic feet per hour. When it is rect- 
mgular in form, the roof is composed of wrought-iron plates, usually 
^o, 10 BWG. 

The measuring wheel or drum is made of charcoal annealed tinned 
>lates, rivetted and soldered together in segments, and the shaft or 
ude is supported by anti-friction wheels. 

The registering mechanism consists of a series of enamelled dials, 
^th wheel- work and pointers indicating from 100 to 100,000,000 cubic 
eet at each of their revolutions. The dial figures, unlike those on the 
onBumers' meters, all run in the same direction. 

An eight-day clock and tell-tale apparatus are placed in front, above 
he index. On a circular plate, a disc of card paper, graduated, is 
txed ; and a lead pencil attached to a rod, which again in attached to 
jid is actuated by the minute finger of the clock, pressing upon the ^ 
Miper, indicates the uniformity or otherwise of the gas prooluction 
luring each hour of the day and night. 

The size or capacity of a station meter is desi^ated by the quantit}' 
if gas in cubic feet which it is capable of passing per hour, the mea- 
.uring wheel making 120 down to 70 revolutions, as a maximum, in 
hat time (the number of revolutions depending on the size of the 
nstrument) with a loss of pressure not exceeding 5-lOths of an inch 
letween the inlet and outlet. Thus, if the drum have a capacity of 
iO cubio feet, 50 X 120 = 6000 cubic feet, the size of the mfttAX. \1 \h^s^ ^ 
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capacity be 200 cubic feet, then 200 x 100 = 20,000 cubic feet, the size 
of meter, and bo on. 

It is thus easy to determine the capacity. of the wheel or drum 
required to measure any given production. Say the maxvmunh hourly 
make of gas in a works is 30,000 cubic feet; then, 

^?!?5? = 300 cubic feet, 
100 

the required capacity of the measuring wheel or drum. 

In all cases a reasonable margin in size should be allowed for growing 
production. 

When a meter wheel is driven beyond the speed above named, the 
friction is increased, more pressure is absorbed in working the wheel, 
and the re^stration is falsified. 

The station meter should be placed perfectly level on a substantial 
foundation, with raised stone base. 

It should be fitted with bye-pass and hydraulic trap, with outlet cock ; 
shut-off valves ; adjustable overflow pipe ; water-Une gauge ; an ordinary 
pressure gauge each for the inlet and outlet pipes, and a differential 
pressure gauge ; a thermometer ; a filling tube and funnel, with stop 
cock, and a flushing cock. 

TABLE. 
Station Meter Details. 







Number 

of 

Revolutions 

of 
Measuring 

Drum 
per Hour. 


Pressure 




1 

Depth 


Quantity 
Measured 
per Hour. 


Capacity 

per 

Revolution. 


Ab- 
sorbed in 
Actuating 

the 


Diameter 

of 

Measuring 

Drum. 


or Length of 

Measuring 

Drum, 

minus Hollow 






Meter. 




Cover. 

9 


Cubic feet. 


Cubic feet. 


Inch. 


Ft. In. 


Ft. In. 


600 


5 


120 > 


A 


2 6 


1 8i 


900 


7-6 


120 1 


A 


2 m 


1 8i 


1,200 


10 


120 


^ 


3 Oh 


2 0^ 


1,600 


12-5 


120 


T% 


3 6h 


2 0^ 


1,800 


15 


120 


1^ 


3 5^ 


2 6 


, 2,400 


20 


120 1 


A 


-8 6i 


2 10 


3,000 


25 


120 


ft 


4 


8 


8,600 


80 


120 


ft 


4 


3 5 


4,800 


40 


120 


ft 


4 8 


4 2 


6,000 


50 


120 


^ 


4 7i 


4 4^ 


7,200 


60 


120 


ft 


4 11 


4 6i- 


9,600 


80 


120 


ft 


5 6 


4 11 


12,000 


100 


120 


ft 


5 8 


5 6i 


16,000 


150 . 


100 


ft 


6 8 


6 8 


20,000 


200 


100 


ft 


8 


6 3 


25,000 


250 


100 


ft 


8 


7 


30,000 


800 


100 


ft 


8 li 


8 1 


40,000 ' 


400 


100 


ft 


9 6 


8 6 


50,000 


500 : 


100 1 


ft 


10 8 


9 3 


60,000 


750 1 


80 i 


ft 


11 6 


10 2 


80,000 i 
200,000 1 


1,000 


80 : 


ft 


12 10 


11 7 


1,4B0 


70 1 


ft 


15 4 


12 6 


I 


! 


■ 
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THE PRESSURE GAUGE. 
The ordinarj- preosure gaoKe (Figs. 60 and 61) has ita tubee, whiclr 
are q( ^laaB, oharged with water to the zero line on the ivoij or bra- 
wood Boale between. This in Kradaated into inches and teaths. It i» 




IT tenths of at 

On being uttaohed to the main, eitlier directly or by meaca of a ahoi t 
eomieoting pipe, the difference between the two water levels represeiitH. 
the pressure therein. 

A series of these gaages, to indicate the presBDre between the difFe- 
rent apparatiu of the gas works, should be fixed in some position 
oonTOuient for frequent inapeotinn, 

King'a k^urb (Pig. 59) is constructed on the same ^nciple, hut it 
indioates slighter variations of presBUre: the finger liaviDg a long sweep 
for small diBerencea of water level, and the dial being graduated into 

The differential gauge (Fig. fl3| is commonly attached to the inlet 
and oatlet pipes respectivelyi o! station meters ; the indications of the 
inatrument Iwing the diSerenoe in pressure between the two, showinc 
the pressure ahsorbed in uRtiiHtiinr tlie meter. 

Colonred water for i 

pounded cochineal in hi _ 

nitrio or hydrochloric acid added, to 
from fading. 

The glasa tubes of pressure gau^ee 
a weak solution ol sulphuric acid in 



prevent the bright scarlet colour 
when foul, may be cleansed witli 



PRBSSTJEE AND EXHAUST BBGISTBRS, 
The principle of action of these instruments (Fig. 64) (invented bv 
Crosier) ia the same aa that of the foregoing, but they are made to irwir^ 
aa well BB trkitaat« the presaure or eiKauat, SA 'ibb QtWi TUh^ %!«. 
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This ifl accomplished b^.meanB Ot a float in water, to which a, vertical 
spindle is attached, having a lead pencil at the upper end, presHiig 
npoQ a cylindrical (graduated roll of paper apon a dnna, which is 
jjaneed to revolve by clockwork once in the 24 honrs. The paper roll 
is renewed daily. 

The exhaust register is connected to the maine on the works, at a 
point between the hydraulic main and the eihauater, and the record 
shows whether, in the absence of the manager, the exhauster has been 
kept working with regularity. 

The pleasure register is attached to the street main beyond flie 
fCarttma, and reoorda Uie various pressares maintained therein durirg 
uie day and night. 

The difference between the exhanst and pressure registers is aimpty 



of deti 



; the B 




line in the former being placed midway on 
the scale, and the spmdle lengthened to 
correspond, whilst the area of the f okt is 
also increased In the latter tbe lero line 
IS at tbe bottom 

Wright's pressure register (Fig. SG) it a 
combination of tbe King's gauge, wiOi a 
Ume-piece, having a circular plate and 
paper disc, instead of a dial. The 24 boors 
are printed on the disc, and a penoil at 
the end of a rod actuated by the float, . 
pressing upon this, records the varying 
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GASHOLDER TANKS. 

The tank is that portion of the Htorage reservoir for gas which con- 
tains the water in which the floating vessel or holder rises and descends. 
(Fig. 56.) 

It may be constructed either wholly or partially under the ground 
level, ox: (as in the case of iron tanks) entirely above ground, (t'ig. 57,) 



Ground 




Fig. 60 



Ume, 



Qrottnd 



Qround 






m ^^tfeiifiiBii^i^^i .^ 



TwTvvTi 






■TSrVTs«/IWl 



9eiii8^^IQia>^i{« iM>^3' 



Fig. 57. 



• • 




linr. 



line. 



Fig. 68. 

In excavated tanks, whei*ever the substratum is favourable, it is 
economical to leave a circular or conical mound in the centre. 
(Fig. 56.) 

Tanks are occasionally formed by making a circular cutting in the 
ground, and erecting therein an iron annular channel to contain the 
water, the intervening contral space being also covered with water, but 
only to a few inches depth. These are called "Annular Tanks." 
(Pig. 58.) 



Excavation for Tank. 

The width of the excavation for a tank depends on the nature of 
the substrata encountered, whether clay, shale, gravel, sand^ &a.^ unl4 
a complete system of shoring by means oi limDex «i\V xo\]le^\& «^ci^ 
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Natural Slojje or Angle of B&pobe of 
Earths with Horizontal Line. 



(Fig. 69.) 



Fig. 59. 



Saud, dry . 
Sand, damp 
Shingle and gravel 
Clay, drained . . 
Clay, wet . . . 
Earth, compaot . 
Peat or vegetable 
earth . • . . 



average 37° 
21° 



I) 

a 
>> 

»» 



40° 
46° 
16° 
48° 

28° 



or 1*33 to 1 



it 
11 

11 

11 



2-63 

1-2 

1-0 

3-3 

0-9 

1-89 



If 



'J 



11 



19 



11 



1 
1 
1 
1 
I 



Weight of various Earths and Bocks. 



Per Cubic Yard. 
tSand, dry . . . about 2430 lbs. 
Sand, damp . . „ 3200 
Shingle and gravel „ 2860 
Clay ..... „ 3240 



Mud 



*} 



2700 



11 
11 
11 



it 



Marl . . . 
Shale. . . 
Chalk . . 
Sandstone . 
Slate . . . 



P^r Cubic Yar 
2900 
4370 
4000 
4250 
4860 



11 
11 
11 
11 
11 



Materials of which Tanks are constructed. 

Tanks are constructed of stone (either built or excavated from the 
solid rock), brick, concrete, cast or wrought-iron, or a combination of 
iron with the other materials. 

The kind of material employed is regulated, as a rule, by the character 
of the district where the gasworks are situated, and the nature of the 
ground whereon the erection is to be. If the neighbourhood abounds 
in stone, the probability is that that will be the cheapest, and will con- 
sequently be adopted in the construction of the tank. But even in 
districts where stone is plentiful, if this is of a hard nature, the expense 
of dressing is such as to make the tank more costly than if built of 
bricks, though the latter may have to be brought from a distance. lu 
places distant from a supply of building material, and to which the 
Latter has to be brought by conveyance, brick will generally be chosen 
as the ipost suitable. 

On the other hand, where the ground is of such a character as would 
entail an extraordinary outlay in securing a good foundation, or where 
it is unsafe for a brick or stone structure, or, again, where the sinking 
of a tank is almost impossible, owing to the presence of a large body 
of inflowing water through the strata, as by the sea-side, or contiguous 
to some rivers, the best class of tank to be adopted is one made of cast 
or wrought-iron plates bolted together, the joints being made water- 
tight with iron cement. It is only under such circumstances that iron 
tanks are adopted, as their cost is much greater than either brick or 
stone, and the erection of a tank above ground is disadvantageous in 
many respects. 

It may happen that the ground is of such a nature as to render the 

coubtruction even of an iron tank upon it unsafe ; or there may be a 

slope or ^iZ2bankment in dangerous proximity. In such cases recourse 

rnay be bad to piling to give it solidity and prevent movement. 

MAsoniy tanks, being porous, are generaUy \)\iiIL\i mth a backing of 
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olaj paddle behind the walls and in the bottom ; but the puddle can 
be dispensed with by hning the tank with a coat of neat Portland 
■cement about 1 inch in thickness. Mortar composed of cement and 
•clean sharp sand in equal proportions by measure, makes a watertight 
linizig, provided it is caref ulfy polished to a smooth face with a steel 
trowel. 

A lining of 4^ inch brickwork, with a H^mce between the tank wall 
and the lining 1 inch wide, filled with neat cement, is also occasionally 
adopted. 

Tne walls of a tank so treated being impervious to water, require to 
be made somewhat stronger, and tlie bacldug more carefully consoli- 
dftted, than where puddle is employed, because there is no fluid 
pressure outside to equalize the fluid pressure within the tank. 

When a brick or stone tank, built in blue has lime mortar, is of large 
dimensions, the walls ma^ be strengthened at intervals of 2 or 3 feet 
apart, by rings 2 or 3 feet in width, of the brick or Ktone laid in Port- 
land cement mortar. 

Hoop-iron, built at intervals into the masonry or concrete, is occa- 
sionally used for giving strength to the walls of a tank. When the 
diameter is great, and particularly in tanks where no puddle is em- 
ployed, flat bar-iron hoops, braced or tightened by screws, are also 
sometimes placed round the outside. 

The bricks used in building a tank should be thoroughly well wetted 
before being laid, to cause the mortar to adhere. 

In time of severe frost all brick and stone work should cease. 

To prevent injury in time of rain, and especially in winter when a 
sudden frost might supervene, the top of the new walling should be 
covered with weather boards. 

Concrete. 

Blue lias lime concrete (for foundations) — By measure. 

Gravel, sniugle, broken stone, bricks, or old retorts, 

li to 2 inches cube 6 parts. 

Clean sharp sand 2 parts. 

Blue lias or other hydraulic lime 1 part. 

Portland cement concrete (for tank walls) — 

Gravel, shingle, broken stone, bricks, or old retorts, 

li inches cube . • 7 parts. 

Glean sharp sand 2 parts. 

Portland cement 1 part. 

Mr. J. Douglas gives the following useful instructions for mixing or 
preparing the concrete : — " A platform, about 20 feet square, of deals, 
should be laid on the ground to ensure the clean mixing of the materials. 
The measure for the material is simply a square box without top or 
bottom, and should contain, as a convenient quantity, about half a yard. 
It should be twice as many inches deep as the proportions of cement 
and bailast. For instance, if the cement is 1 in 8, it should be 16 inches 
deep. Inside, at 2 inches from the top, nail a lath all the way round ; 
ana after placing the measure at one end of the platform, fill the box 
with shingle or bailast to the level of the lath, and complete with 
cement, striking the cement level with a straight-edge. The box 
measore can then be lifted up and removed, when the cement will i^ iX.^ 
down over and among the aggregate, and the whole mass should-^j^f 
twice turned over dri^. Water can then be BtdA^^^ ^iJaroxxi^^ ^ i 
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and the whole turned twice over again. As little water shonld be 
added as possible, but enough to thoroughly moisten the whole mass. 
The concrete is then fit for use. In dry weather it is necessary to 
keep the work damp, as, if there is not suflBlcient water to enable th? 
cement to set — about llj per cent. — the concrete will be useless. It 
is also important to thoroughly wet the previous work on which the 
fresh concrete is to be laid." 

Concrete is best placed in position from barrows wheeled close np ; 
it should then be well and solidly rammed down. To tip it from a 
height (as was formerly the practice) is objectionable, as tending to 
disintegrate the ingredients of which it is composed. 

Asphalte or tar concrete has never (so far as I am aware) l^een tried 
for a holder tank, but there is no reason why it should not answer 
adm rably for that purpose. Its composition is as follows : — 

By measure. 

Coal tar 6 parts. 

Sifted lias lime 2 parts. 

Gravel, shingle, broken stone, bricks, or old 
retorts, not more than IJ inches cube . . 7 parts. 

Clean sharp sand 2 parts. 

The tar and lime to be first mixed together, and tlie other materials 
added. All to be thoroughly dry. 

The kifid of Mortar employed. 

In the construction of brick or stone tanks, hydraulic mortar or 
eement mortar, either one or the other, or both, is invariably used. 
The following is their composition : — 

Hydraulic Mortar. . By measure. 

Best blue lias lime ... 1 part. 

Clean sharp river sand 2 parts. 

or, 

Best blue lias lime ..•.*..•.-. . . . 1 part. 

Burnt clay . ....'........ 2^ parts. 

or. 

Best blue lias lime 1 part. 

Puzzolana 1 part. 

Clean sharp sand Q parts. 

Cetnent Mortar. 

Cement, Portland 1 part. 

Clean sharp sand 3 parts. 

The lime should be fresh burnt, and not more than suf&oient of the 
mortar for a day's work prepared at once. The cement mortar should 
only be made as it is being used. 

The characteristics of good Portland cement are thus sucoinotly 
stated by Mr. Faija : — "In colour it should be of a dull bluish grey; 
and should have a clear, sharp, almost floury feel in the hand; it 
should weigh from 112 lbs. to 118 lbs. per striked bushel (87 to 92 lbs., 
per cubic foot), and when moulded into a briquette, or small testing- 
block, and soaked in water for seven days, should be capable of resist- 
ing-a tensile strain of from 300 to 400 lbs. per square inch. Theoemeot 
abouldj daring the process of setting, show neither expansion nor 
contraction. " 
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Atphalte or Tar Mortar. By measure. 

Coftl tar '. 2 parts. 

Sifted lime 2 parts. 

B tar and lime to be mixed together, and sand, in a thoroughly 
tate, to be afterwards added. 

Puddle. 

' paddle, clay mixed "with one-third sand, silt, or soil free from 
Me fibre, is preferable to pure clay, being firmer in texture, and 
iable to crack when dry. It should be prepared outside of the 
h., put in in thin layers as the wall of the tank is buUt, kept 
ened, trodden well in with the feet, and backed up with earth 
illy pounded. A cubic yard of puddle weighs about 2 tons. 

Iron TanTc9. 

iron tanks the flanges of the bottom plates should always be 
;; whilst those for the sides should.be outside, and the plates 
d break joint with each other throughout. 

a piers, or piers of brick, stone, or concrete, are erected at equal 
ices apart round the outside of iron tanks, for the purpose of 
•rting the gasholder columns. If the tank is of small dimensions, 
»lumns may be bolted to strong brackets secured to the upper tier 
Q plates. 

Leakages from Iron Tanks. 

.kages of water from iron tanks may often be greatly reduced or 
>ther stopped by emptying a bushel or two of horse-dung into the 

contiguous to the escape. A handful of fine iron filings sprinkled 
y over the dung will be found of advantage. By this simple expe* 

very heavy escapes have frequently been reduced to a mere drip 
Q the space of a few minutes. 

Dry Wells. 

J dry or stand-pipe well is not necessarily the invariable acconi* 

lent of a gasholder tank. Some engineers prefer to dispense with 

•gether. 

ay of the largest tanks are made without dry wells, the inlet and 

i pipes being of such ample diameter as to admit of their exami- 

1 and repair, if need be, from the inside. 

5 advantage supposed to be gained by providing a dry well is tlie 

iy which it affords of access to the inlet and outlet pines, both 

al and horizontal, in case of fracture, without disturoing the 

e or other backing of the tank wall. 

imall tanks it is not unusual to form a recess in the tanjc wall in 

L the inlet and outlet pipes are placed, and are thus accessible 

the tank is emptied of water. 

Thickness of Tank Walls. 

) walls of masonry tanks (brick, stone, and concrete) are never 
red, unsupported, to resist the pressure of the water acting upon 
sides, but are invariably built under the surface level of the 
d within the space of an excavation made for that purpose, and 
a backing of earth carefully rammed all round them. Iliis earth 
ag usually offers a resistance to the pressure of the NV«.ti^T ^^^n^Socoi 
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the tank, greater than the combined weight of the wall, and the cohe- 
sive nature of its component ingredients ; and consequently in design- 
ing a tank wall, this fact is allowed for,, and a deduction made from the 
calculated unsupported thickness of the masonry. 

In the well-known Minioire by M. Arson, a translation of which, by 
Dr. Pole, is given in " King's Treatise" (Vol. II., p. 181 et seq.), the author 
investigates this subject with his usual ability. After some preliminary 
observations on the nature of the ground, and the choice and placing 
of material, he proceeds to a consideration of the forces and resistances 
in a gasholder tenk of masonry, and deduces the following formulje : — 

As to the Pressure of the Water. 

H8 
(1) S D 75~= the total force of the water . 

Then as to the threefold resistance to this force. 

H2 

(1) C D^ "o" = th^ resistance of the earth backing. 

P E2 Di H 

(2) o = ^^ resistance of ths weight of the rMisowry. 

(3) K H2 E = the resistance due to cohesion. 

Adding the combined resistance from the three sources together, 
we have — 

Ha P E2 Di H 
CDi^H- 2 H-KH^E. 

And to produce stability of the tank these must be greater than the 
effect of the pressure of the water — 

SD-g 

where D = Internal diameter of the tank in feet. 
E ^ Thickness of the wall (average) in feet. 
Di= External diameter of the tank in feet. 
H = Height of wall in feet. 
S = Weight of a cubic foot of water. 
C = Besistance of the earth backing in lbs. per sq. foot. 
P = Weight of a cubic foot of the masonry. 
K = Cohesive force per sq. foot. 

Applying these formulae to one of the examples of tanks actually 
constructed, let us see how they work out. Take the tank described 
on pp. 135-6 : — 

D = Internal diameter of tank, 122 feet. 
E = Average thickness of wall, 2i feet. 
Di^ External diameter, 127 feet. 
H = Height (or depth), 24 feet. 
S := Weight of a cubic foot of water, 62*5 lbs. 
C = Besistance of the earth backing, per sq. foot, clay and earth, 

say average 1200 lbs. 
P = Weight of a cubic foot of the masonry, 112 lbs. 
K = Coliesive force per sq. foot, bricks in 1 Portland cement to 8 

.sand, mortar, 31,680 lbs. 
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Then— 

jn Q4B 

0) SD ^ = 62-6 X 122 -s- = 17,568,000 = total force of the 

^6 6 water in lbs. 

H3 243 

(1) C Di -5- = 1200 X 127 -«- =48,891,200 = reBi8tance of earth 
^ ^ backing. 

PE« DiH 112 X 2-6« X 127 X 24 , ^^ ^/.a -x * - -u. 

<2) 2 '^ 2 ~ 1,066,800 = resistance of weight 

of masonry. 

(3) KBPE = 31680x242x2-5 =45,619,200 = resistance due to 

cohesion. 

90,577,200 = total resistance in 
lbs. 

or about five times the pressure of the water, which is an ample 
margin for safety. 

It has already been pointed out that the walls of brick tanks, which 
are porous in some degree, having a backing of clay puddle behind and 
over the tank bottom, are placed in equiUbrium by the water on hath 
sides, and therefore do not require to be of as great a thickness as those 
with an internal lining of cement impermeable to water. In the latter 
case special care should be taken to see that the earth be.cking is 
thoroughly consolidated behind the wall, so that the pressure of the 
water against the tank may be transmitted thereto direct, without 
danger of rupture to the masonry. 

When it is required to ascertain the thickness of any portion of a 
tank wall to resist the force of the water pressing against it, the 
formula as under is applicable : — 

PD 
y _ p = thickness in inches. 

Where P = the pressure of the water in lbs. per square inch. 
D = the radius of the tank in inches. 
K = the safe cohesive force in lbs. per square inch. 

Example. — A brick and puddle tank set in Portland cement mortar 
is 122 feet in internal diameter and 24 feet dee^ to the surface of the 
rest stones. Required the thickness of the wall immediately above the 
footings. 

The pressure of the water on each square inch will therefore be — 

62-5 X 24 

— jTT — = 10 lbs. pressure of water per square mch. 

The safe cohesive strength of the brickwork in Portland cement 

220 
mortar (1 cement, 3 sand) may be taken at -n~ = 110. 

Then— 

PD 10 X 732 7320 
^_p = 110 ^ 10 = loo ~ "^^ inches, nearly, or 6 ft. 2 in. 

the required thickness of the wall. It will be seen, however, that in 
this calculation no account has been taken either of the resistance ' 
offered by the weight of the masonry, or of the wip^ox^ ^«tk. \>r3 'Ooa 
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earth backing ; so that the result obtained is the theoretical thickness 
of the wall to resist the pressuije of the water without any backing. 
And as this latter may be taken as fully equal to the other, the thick- 
ness, obtained by the calculation may be reduced by one-half — i.e., to 
8 ft. 1 in. — which will be the required thickness of the wall above the 
iootings. The required thickness at any other depth may be found in 
like manner. The pressure of the water, which varies in proportion 
to the depth, may be represented by a right-an^ed triangle A B C, 
and, therefore, the thickness at the top would work oat 
to nothing. It must not be overlooked, however, that 
the tank sides act as a retaining wall to the earth both 
during construction and at any time afterwards, when 
\ the water is withdrawn ; and consequently its thickness 

—1 should be graduated from the ascertained thickness at 

the base to about 2^ or 3 bricks width at the coping. 
The thickness of 3^ feet at the base of the wall is too thin by more 
than one-half for an ordinary retaining wall of that height (24 feet), 
but it must be remembered that this apparent weakness is counter- 
balanced by the circular form of the structure, possessing as it does 
ikll the qualities of the arch, and being built up, both wall and backing, 
gradually throughout the complete circle from base to coping. 

The conditions of cast and wrought-iron tanks are different. These 
being generally erected above ground, the resistance offered to the 
burstings force of the contained water is entirely due to the cohesive 
strength of the metal. 

The same fomrala is applicable here, as will be seen from the next 
example of a cast-iron tank, where the safe cohesive strength of the 
iron is ta.ken at 4000 lbs. per sectional square inch, its ultimate tenacity 
being 16,000. 

Example. — A cast-iron tank is 80 feet in internal diameter and 18 
feet deep. Kequired the thickness of the lower ring of plates. These 
are generally 3 to 4 feet in depth, but the water pressure on the lowest 
foot may be taken. 

62*5 X 18 
Here — J77 — = 7'6 lbs. pressure of water per square inch. 

Then— 

PD _ 7^8 X 480 _ 3744 _ ..„_ - . , 

K -. p - 4000. - 7-8 ~ 3992-2 ~ '^^'' ^^ ^^ ^ "^®°' 

the required thickness ; and so in like manner the required thipk- 
ness of. the several higher rings may be ascertained. This thick-" 
ness may be slightly reduced by making allowance for the assistance 
ffiven to the lower ring of plates by their attachment to the plates 
forming the bottom of the tenk, and especially if iron hoops are em- 
ployed round the outer circumference to give rigidity to the structure. 
The safe oi^esive strength of wrought-iron plates may be taken at 
10,000 lbs. per sectional square inch. 

Examples of Construction, 

The, following are examples of gasholder tanks constructed under 
moderately favourable circumstances. It will be found advisable in 
practice, in some instances, to in6rease the strength of the walls and 

lootinga, and even to put a. bed of concrete below me latter where thd 

underlying strata, are of an unsatisfactory character. 



GAS ENGINEBRS AND MANAGERS. 183 



BRICK TANKS. 
Diameter, 21 ft. 6 in. Depth, 10 ft. 

Footings, S single courses ; width respectively, 8, 2i^, and 2 bricks. 
Wall, 1^ bricks thick for half the height, diminishing by an offset 

on the outside to 1 brick for the remainder. 
Coping of wall, bricks set on edge, in cement. 
Piers to support gasholder columns, 4 in number, brought up from 

foundation, ana built in with the tank wall, each capped with a 

stone 2. ft. square, Sin. thick, having 8 holes drilled in each for 

the holding-down bolts. 
Best stones, 8 in number, 15 in. square, 6 in. thick, laid on footings 

built at bottom of tank, bound m with the wall footings. 
Puddled with clay, mixed with one- third fine sand, or soil free from 

vegetable fibre, 2 ft. thick at bottom ; and at the sides, tapering 

from 2 ft. at the base to one foot at the top. 
Bottom, flagged with 3 in. flags. 
Bricks, best hard-burnt stocks. 
Mortar, lias lime one-third, sharp river sand two-thirds. 

Diameter, 33 ft. 6 in. Depth, 12 ft. 

Footings, 2 double courses, width 3 and 2^ bricks. 

Wall, 2 bricks thick for 8 ft. high, and 1^ bricks for the remaining 

4 ft., set-off on outside. 
Coping of wall, bricks on edge, laid in cement. 
Piers, 4, bound in with wall, and brought up from foundation, each 

capped with a stone 2 ft. square, 9-in. thick, with 3 bolt-holes. 
Stones at bottom of tank, for bottom curb of holder to rest on 

when down, 8 : each 16 in. square, 6 in. thick, let into face of 

wall 2 in. ; laid on footings. 
Puddled with clay puddle, composed of two-thirds clay and one- 
third fine sand, trodden well together, 2 ft. thick at bottom and 

sides, tapering to 1 ft. 6 in. at top. 
Bottom, flagged with yard flags, 3 in. thick. 
Bricks, best hard-burnt stocks. 
Mortar, composed of best lias lime, mixed with two-thirds sharp 

sand. 

Diameter, 39 ft. Depth, 14 ft. 

Footings, 2 double courses, 3^ bricks wide at base, diminishing by 

offsets to commencement of wall. 
Wall, 2^ bricks at bottom to height of 6 ft. ; next 4 ft., 2 biicks ; 

remaning 8 ft. 6 in. to underneath coping, 1^ bricks thick. 
Coping stones, 6 in. thick, laid in cement, and cramped together 

on the outside. 
Piers, 5, brought up from foundation, each capped with a stone 

2 ft. 6 in. square, 9 in. thick, with 4 bolt-holes. 
Rest stones, 10, let 3 in. into face of wall, 18 in. square, 6 in. thick 

on footings. 
• Fuddled with clay, mixed with one-third sand, 2 ft. thiek at 

bottom and at the sides, tapering to 1 ft. 6 in. at top. 
Bottom, brick paved. 
Bricks, best hiu^-bumt stocks. 
Mortaf', lias lime, mixed with two-thirds sharp river sand. 
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Diameter, 61 ft. 6 in. Depth, 16 ft. 

Footings, 2 double courses, 3^ and 3 bricks wide. 

WaJl, thickness at base to height of 7 ft., 2^ bricks; next 5 ft., 

2 bricks ; and remaining 4 ft., li^ bricks. 
Coping, bricks on edge, set in cement. 

Piers, 6, carried up from foundation, each pier capped with a stone 

3 ft. square, 9 in. thick, having 4 holes for holding-down bolts. 
Best stones. 10, 18 in. square, 6 in. thick, laid on footings, and let 

3 in. into face of wall. 
Puddled with clay, mixed with one-third sand, 2 ft. thick at bottom 

and sides, diminishing to 1 ft. 6 in. at top. 
Bottom flagged with yard flags 3 in. thick, oedded on the puddle. 
Bricks, best hard-burnt stocks. 
Mortar, lias lime, mixed with two-thirds sharp river sand. 

Diameter, 62 ft. Depth, 14 ft. 

Footings, 4 courses; width respectively 4^, 4, 3i, and 3 bricks. 
Wall, thickness at base to height of 5ft., 2^ bricks; next 6 ft., 2 

bricks ; remaining 3 ft. to underneath coping, 1^ bricks. 
Coping stones, 1 ft. thick, dressed to the proper radius, and laid in 

cement. 
Piers, 6, brought up from foundation, bound in with tank wall, 

each capped with a stone 3 ft. square, 10 in. thick, with 4 bolt- 
holes. 
Best stones, 12, 18 in. square, 8 in. thick, laid on footings. 
Mound left in bottom of tank, 8 ft. less in diameter than the latter, 

flagged round the base, other pari; pitched with random stones. 
Puddled with clay two-thirds, intimately mixed with one-third 

sand; 2ft. thick at bottom; the sides, 2ft. at base to 1ft. 6 in. 

at top. 
Bricks, best hard-burnt stocks. 
Mortar, lias lime, mixed with two-thirds sand. 



Diameter, 83 ft. 6 in. Depth, 20 ft. 

Footings, 4 courses ; first course, double, 5 bricks in width ; others 

single; 4i, 4, and 3i bricks wide respectively. 
Wall, from base to height of 7 ft., 3 bricks ; next 7 ft., 2i bricks ; 

and remaining 6 ft., 2 bricks thick. 
Coping, bricks set on edge, and laid in cement. 
Piers, 9, brought up from foundation, each capped with a stone 

4ft. square, 10 in. thick, wiUi 4 holes for holding-down bolts of 

columns. 
Best stones, 18, 24 in. square, 10 in. thick, laid on footings, and let 

3 in. into sides of tank. 
Puddled with clay, mixed with one-third sand, 2 ft. thick at bot- 
tom ; the sides 2 ft. at base, tapering to 1 ft. 6 in. at top. 
Centre pillar, to support xjrown of gasholder when down, built of 

brick, coated with cement. 
Bottom, flagged with Yorkshire flags, 4 in. thick. 
Bricks, best hard-burnt stocks. 
Mortar, lias limef mixed vdih. two-thirds sharp river sand. 
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Oiameter, 102 ft. Depth, 24 ft. 

FootingB, 6 bricks wide at base, diminishing by offsets to the bot- 
tom of wall. 
Wall, thickness at base to 7 ft. in height, 4 bricks ; next 7 ft., 8^ 

bricks; next 6ft., 8 bricks; and remaining 4ft., to coping, 2^ 

bricks thick. 
Coping of stone, 1 ft. thick. 
Piers, 12, carried up and built in with wall from foundation. Each 

capped with a stone 4 ft. square, 15 in. thick, with 4 bolt-holes. 
Best stones, 24, 2 ft. 6 in. square, 12 in. thick, let 4 in. into bottom 

of wall, and resting on footings. 
Stones, 72 in number, 18 in. long, 12 in. by 12 in., built into tank 

wall, against which the channel guides are fastened. 
Puddled .with clay, mixed with one-third sand, 2 ft. thick at 

bottom ; the sides, 2 ft. 6 in. at base, tapering to 1 ft. 6 in. at top. 
Bottom, concreted over the puddle to the deptu of 10 in. 
Centre pillar, to support gasholder crown. 
Bricks, oest hard-burnt stockH. 
Mortar, lias lime, mixed with two-tliirds sharp river sand. 

diameter, 102 ft. 6 in. Depth, 30 ft. 

Footings, 1 double and 4 single coursen, respectively 6, 6^, 6, 4^, 

and 4 bricks wide. 
Wall, 3 bricks wide for 10 ft. high; next 10 ft., 2i bricks; and 

remaining 9 ft. to coping, 2 bricks. 
Coping of stone, 12 in. thick, not less than 4 ft. long each stone. 
Strengthening rings, of brickwork, laid in cement, 6 : 

1st ring, 2 ft. 6 in. from bottom, 7 bricks deep. 
2nd do. 8 „ G „ do. 6 do. 

8rd do. 14 „ „ do. 6 do. 

4th do. 19 „ 6 „ do. 6 do. 

6th do. 24 „ „ do. 4 do. 

Piers, 12, brought up from foundation along with and boimd into 
the wall, ea<;h capped with a stone 4 ft. 6 in. square, 16 in. thick, 
with 4 bolt-holes. 

Best stones, 24, 27 in. square, 12 in. thick, on footings, and let 4 in. 
into tank wall. 

Puddled with clay, mixed with one-third sand, 2 ft. thick through- 
out. 

Centre piUar, of brick, to support gasholder crown, cemented over. 

Bottom ooncreted to the depth of 12 in. over the puddle. 

Bricks, best hard-burnt stockK. 

Mortar, lias lime, mixed witli two-thirds sharp river sand. 

)iameter, 122 ft. Depth, 24 ft. 

Concrete under footings of wall and rest stones, 12 in. thick and 

10ft. wide. 
Footings, 8 bricks wide at base, diminishing by 8 offsets to the 

bottom of the wall. 
Wall, thickness at base to 8 ft. 9 in. in height, 4 bricks; next 7 ft. 

3^ bricks ; next 4 ft. 6 in. 3 bricks ; and remaining 3 ft. to coping, 

2i bricks thick. Batter of wall 1 in 100. ^ 
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Coping of stone 9 in. thick, by 24 in. wide, and not less than 3 ft. 4 in. 

long. 
Piers, 14, each 7 bricks square carried up and bnilt in with wall 

from foundation and capped with a stone 5 ft. 4 in. square, 18 in. 

thick, and with 4 holding-down bolts to each. 
Best stones, 28, 8 ft. 6 in. by 2 ft. by 12 in. thick, let into wall 4i in., 

and resting on footings. 
Guide rail stones, 56 in number, built into tank wall, 28 of which 

are 2 ft. by 1 ft. 6 in. by 1 ft. 6 in., the remaining 28 being 2 ft. 6 in. 

bylft. 6in. bylft. 
Brick ring or apron extending 6 ft. from inside of tank wall at 

the bottom to form a floor, 8 courses of bricks thick laid flat. 
Centre pillar of brickwork, 4 ft. diameter. 
Mortar, Portland cement, 1 part ; sand, 8 parts. 
Bricks, picked common. 
Puddle behind wall of tank. 24 in. thick at bottom, tapering to 18 in. 

at top. On cone in tank bottom 18 in. thick. 
Concrete over surface of puddled cone in bottom, 6 in. thick. 

Diameter, 146 ft. Depth, 56 ft. 

Top of tank, 4 ft. above ground level. 

Footings, 4 double courses, respectively 6 ft., 4 ft. 8 in., 4 ft. 4 J in., 

and 4 ft. wide. 
WaU, to height of 10 ft. above footings, 3 ft. 7 in., or 4^ bricks 

thick; next 10 ft., 4 bricks ; next 10 ft., 3 J bricks; next 16 ft., 

3 bricks; next 6ft., 2^ bricks; remaining 4ft., exclusivje of 
coping, 2 bricks thick. 

Strengthening rings, or courses, 6 courses in every 5 ft. of height ; 
also the 3 flnishing courses, and the corresponding courses in 
piers, set in cement. The brickwork at no part carried higher 
than 6 courses of bricks, until the circle up to that level is com- 
pleted, puddled, and backed up. 

Coping of stone, 12 in. thick, bedded in cement. 

Piers, 16, 4 ft. 3 in. wide, each capped with a stone 6 ft. Bquan>, 
18 in. thick, for supporting columns ; 4 holes in each for holding- 
down bolts ; the said holding-down bolis, with cast-iron plate, 
built into each pier, 10 ft. below level of coping. 

Best stones, 32, let 4^ in. into face of wall, and resting on piers of 
brickwork forming part of the general footings. 

Blocks of stone, 18 m. by 12 in. by 12 in., inserted in wall opposite 
eaoh pier, for securing guides. 

Cone in centre of tank, 6 ft. less in diameter at the base than the 
interior of tank ; lower part, to height of 20 ft., paved with 

4 courses of brickwork ; upper part, of clay only. 

Puddle, not less than 18 in. in thickness, and kept constantly well 

moistened ; the earth being firmly pounded in behind. 
Bricks, best hard burnt stocks. 
Mortar, composed of 1 part fresh burnt lias lime, to 3 parts of 

clean, sharp river sand ; not more than sufficient for one day's 

.work made at one time. 
Cement, fresh burnt, with equal proportions of sand, mixed as it is 

being used. 
Dry, or Btand pipe well, 16 ft. diameter, 68 ft. deep, paved with 
3 courses of brickwork on edge^ set in. cement. 
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»iAmeter, 164 ft. Depth, 40 ft. 6 in. 

Foundation of concrete 12 in. thick, 18 ft. wide under piers, and 

11 ft. wide under wallin^!^. 

Wall, starts from concrete foundation without footings, 5 bricks 

thick for a height of 16ft. lOin. ; next 4) bricks for 6ft. Sin. 

deep ; next 4 bricks for 6 ft. 5 in. ; next 8} bricks for 6 ft. 5 in., 

and 8 bricks the remaining height. 
Coping of stone, 12 in. by 2ft. din., in lengths not less than 

4 ft. 6 in. 
Piers, 16 in number, 6 ft. square from bottom to top, capped with 

hard Yorkshire stones, 6 ft. square and 2 feet thick, witn 4 bolt- 
holes in each. 
Rest stones, 82, 4 ft. 10 in. by 2 ft. by 1 ft., built 4§ in. in tank wall. 
Guide rail stones, 144 in number, 112 of which are 2 ft. by 

1ft. 9 in. by 1 ft., and the remaining 82 being 2 ft. by 1ft. 9 in. 

by 1ft. 6m. 
Puddled with clay 24 in. thick over surface of mound in bottom, 

and behind tank wall. 
Brick apron, 2 ft. thick and 6 ft. wide, round bottom of tank wall 

inside, upon which the rest stones are set. 
Centre pillar of brick, 6 ft. square at bottom and 6ft. Sin. square 

at top, capped by a stone 12 in. thick. 
Mortar, Portland cement, 1 part; sand, 8 parts. 
Bond, English; alternate courses of headers and stretchers 

throughout. 
Dry well, 10 ft. in diameter, 48 ft. 6 in. deep. 

)iameter, 182 ft. Depth, 40 ft. 

Footings, 8 ft. deep below tank bottom, in 8 equal set-offs, placed 

on elm sleepers, 9 in. by 4 in. 
Wall, thickness at base to 15 ft. in hei^^t 4^ bricks ; next 15 ft. 
. 4 bricks; next 6 ft., 8 bricks, and remaining 4 ft., 2) bricks thick. 
Coping, Bramley fall stone, 12 in. thick and 24 in. wide. 
Piers, 28, 6 ft. tnick from inside tank to outside pier, and 8 ft. 9 in. 

wide side to side, capped with granite blocks, 5 ft. 8 in. square 

and 2 feet thick, with 4 bolt holes in each. 
Rest stones, 28, built in wall 12 in., are each 4 ft. by 2 ft. 6 in. by 

12 in. thick. 

Guide rail stones, 112 in number, 18 in. by 12 in. by 12 in. 
puddled with clay on cone in bottom of tank, under footings, and 

behind tank wall a uniform thickness of 24 in. 
Cone at bottom covered over the clay with 9 in. of concrete, and 

paved with a layer of bricks on edge, set in cement. 
Centre pillar of brickwork, 7 ft. 6 in. square, capped with granite 

block, 2 ft. thick, the whole on a foundation of concrete. 
Bricks, best hard-burnt stock bricks. 
Mortar, blue lias lime mortar. 
Brick ring or apron, 3 ft. thick, extending 6 ft. 6 in. from inside of 

tank wall at the bottom, to form a floor. 

Mameter, 200 ft. Depth, 86 ft. 

Footings, laid on elm boards IJ in. thick, placed on the puddle, are 
9 br&ks wide at base, diminishing by 2^ in. offsets to bottom 
of wall. 
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Wall, thickness at base to 12 ft. in height, 6 biicks; next 6 ft.,, 
4^ bricks ; next 5 ft., 4 bricks ; next 5 ft., 3^ bricks ; next 5 ft., 

3 bricks, and the remaining portion, 2^ bricks ; being finished 
at top, to form a coping, with Staffordshire blue bricks set on 
edge in cement. 

Piers, 22 in number, 6 ft. 6 in. from inside tank to outside the 
pier, and 7 ft. wide from side to side, surmounted by Bramlev 
Fall column stones, 6 ft. by 5 ft. 6 in., by 1 ft. 4 in. thick, wiui 

4 holes in each. 

Piers, intermediate, 22 in number, 5 brick lengths square, brought 
up from bottom, and capped with stones, 2 ft. square, and 

1 ft. 6 in. thick. 

Best stones, 44, 4 ft. 6 in. by 3 ft. by 1 ft. 3 in. thick, set into 

wall 4^ in. and bedded on concrete. 
Guide rail stones, 44, 2 ft. square by 1 ft. 6 in. 
Puddled with clay, over cone in centre, and under footings 2 ft. 6 in. 

thick, behind tank wall 2 ft. thick at bottom, tapering to 1 ft. 6 in. 

at top. 
Concrete apron, 2 It. thick, extending 9 ft. from tank wall all round. 
Cone, covered with 6 in. of concrete over the clay puddle. 
Bricks, well burnt Oldbury brown bricks. 
Mortar, blue lias lime, 1 part ; sand, 2i parts. 
Bond, English, alternate courses oi headers and stretchers 

throughout. 
Hoop-iron bond, every sixth course in height, IJ in. by l-16th in. 

is inserted as follows : — In the 5 bricks thick part, 5 rows are laid 

in the thickness of the wall at equal distances apart ; in the 4^ 

and 4 bricks thick part, 4 rows ; 3^ and 3 bricks part, 3 rows ; and 

2 rows for the remaining height. 
Shallow dry well, 12 ft. diameter, 20 ft. deep. 

Diameter, 203 ft. 6 in. Depth, 38 ft. 

Footings, bottom course, 7 bricks wide 4 bricks deep, and 4 single 

courses, respectively 6, 6J, 6, and 4J bricks wide. 
Wall, thickness for a height of 20 ft., 4 bricks ; next 9 ft., 3i^ bricks ; 

next 8 ft., 3 bricks. 
Coping stone, 24 in. wide, 12 in. thick. 
Strengthening rings of brickwork laid in cement, 5, divided equally 

throughout the depth of tank wall, 10 bricks each in depth. 
Piers, 18, on foundations brought up from bottom of tank footings, 

and bound in with wall, each capped with a stone 6 ft. square, 

18 in. thick, 4 holes for bolts, the latter with plate built into 

pier 10 ft. below top of coping. 
Best stones, 36, 4 ft. square, 12 in. thick on footings brought up from 

bottom of wall footings. 
Puddled with clay mixed ^*itli one-third sharp sand, and not less 

than 2 ft. thick in any part. 
Bottom concreted over the puddle to the depth of 12 in. 
Bricks, best hard-burnt stocks. 
Mortar, 1 part lias lime to 2 parts sharp river sand. 

Diameter, 218 ft. Depth, 44 ft. 6 in. 

I'^onndation of concrete 2 ft. thick, 9 ft. 5 in. wide, including apron. 
Wall, thickiiefiB at base to 20 it. in height, 5 bricks; next 5 ft. 
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4i bricks; next 6ft., 4 brioks; next 6 fL, 3) bricks; next 6 ft. 

3 bricks, and the remaining portion 2^ bricks ; 7 circular bands 
of brickwork, 6 courses deep each, and extending through the 
full thickness of the wall are built in equidistantly in the height 
of the wall set in Portland cement mortar, the intervening 

g>rtions of the wall being set in hydraulic lime mortar, all in 
nglish bond. 
Coping of Yorkshire stone, 2 ft. 6 in. by 6 in., in 6 feet lengtlis,. 

projecting 1 inch over wall. 
Piers, 24, each 7 ft. from inside tank wall to outside of pier, and 

6 ft. 6 in. wide, side to side, capped with Bramley Fall stones, 

7 ft. by 6 ft. 6 in. by 2 ft., having 7 bolt-holes in each. 

Piers, intermediate, 24, each 8 ft. 10 in. square, capped vriih stones 

4 ft. by 4 ft. by 6 in. 

Hest blocks of concrete, 48, each 4 ft. 6 in. long by 2 ft. wide, and 

standing 6 in. above the concrete apron. 
Guide rail stones, 288, each 18 in. by 12 in. by 12 in., projecting 

1 inch from face of tank wall. 
Puddled with clay, not less than 18 in. at any part. 
Truncated surface of cone paved with stones. 
Mortar, blue lias hydraulic lime, 1 part; sand, 3 parts. 
Cement mortar, Portland cement, 1 part ; sand, 3 parts. 
Concrete, Portland cement, 1 part ; river ballast, 7 parts. 
Shallow dry well, 12 ft. diameter, 26 feet deep. 



COMPOSITE TANK. 

)iameter, 152 ft. Depth, 81 ft. 

Footings, 8 ft. 6^ in. wide at bottom, including apron, 2 ft. 6 in. thick. 
Wall, brick faced, 9 in. thick, in English bond ; backing of con- 
crete; thickness at base, including the backing, to 13 ft. 9 in. 

high, 3 ft. 4^ in. ; next, 8 ft. 6 in., 3 feet thick ; and the next 

8 ft. 6 in., 2 ft. 8 in., to the underside of coping. 
Coping of stone, 1 ft. 10 in. by 12 in., in 3 ft. lengths. 
Piers, 16, are 8 ft. from inside tank wall to outside pier and 4 ft. 6 in. 

wide from side to side, formed of 9-in. brickwork on 3 sides and 

filled in with concrete, the whole being capped with a stone 8 ft. 

by 4 ft. by 1ft. 
Best stones, 2 to each pier, or a total of 82, each 4 ft. by 1 ft. 6 in. 

by 9 in. 
Guide rail stones, 48, each 2 ft. by 1 ft. by 9 in. 
Puddled with clay, 2 ft. thick throughout. 

Cone, concreted over the clay puddle to a depth of 12 in. and rendered. 
Centre pillar, solid brickwork, 6 ft. 6 in. diameter at top, the sides 

having a batter of 1 in 40 ; built on a foundation of concrete 10 ft. 

square and 8 ft. deep. Stone cap, 6 ft. diameter by 1 ft. thick,. 

on which is placed a double layer of 4-in. oak planking. 
Hoop-iron bond, tarred and sanded, 1^ in. wide, l-I2.tSi m.\3a\0K.^S& 
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placed every 4i ft. in height, in the proportion of 1 strip to every 

4^ in. in thickness of the wall. 
Mortar, Portland cement, 1 part ; sand, 3 parts. 
Gonorete, Portland cement, 1 part ; sand, 3 parts ; coarse screened 

stones, 1^ in. diameter, 4 parts. 
Dry weU, 11 ft. diameter, 40 ft. deep to floor. 



CONCRETE TANK. 
Diameter, 184 ft. Depth, 47 ft. 

Wall, 5 ft. thick at bottom, tapering on the outside to 2 ft. 3 in. at 

the top, built entirely of concrete, and rendered on inside ^th 

neat Portland cement, | in. thick. 
Piers, 20, each 8 ft. thick, of concrete entirely. 
Rest blocks of concrete, 6 ft. long. 
Puddle, none. 
Cone, concreted over surface, 12 in. thick, and rendered with neat 

cement, 2 in. thick. 
Centre pillar; hollow, external diameter 14 ft., internal ditto 10 ft. 
Concrete, Portland cement, 1 part; gravel, sand, ballast, burnt 

clay, old retorts, and clinkers, 7 parts. 
Dry well, 10 ft. diameter, 53 ft. deep, built of concrete 2 ft. thick, 

and rendered outside with neat cement. 



STONE TANK. 
Diameter, 89 ft. Depth, 20 ft. 

Footings, 2 courses. First course composed of stones at least 
3 ft. 6 in. square, and 9 in. thick ; second course, 3 ft. square, 
9 in. thick, breaking joint at least 1 ft. on the vertical joint. 

Wall, to underneath coping, built of stones not less than 16 in. on 
the inner face, dressed to the proper radius. No stone having 
less than 10 in. of a square joint, nor less than 18 in. on the 
bed, and 5 in. thick. Walling carried out in horizontal courses 
throughout tiie circumference of the tank, and backed up with 
good strong random. Two throughs to every superfioiai yard. 
Thickness of wall at base, random included, 2 ft. 8 in., gradually 
diminishing to 1 ft. 8 in. at top. 

Coping of stones, 1 ft. 11 in. broad, 8 in. thick, and not less than 
3 ft. 6 in. long, dressed to the proper radius, and laid in oenient. 

Piers, 9, bound in and built up along with the tank wall ; a through 
of entire size every vertical yard, and capped with a solid obver 
S ft. 6 in. sqtiare, 16 in. thick, having 4 holes for foundation bolts 
of columns. 

Rest or bearing stones, 18, throughs 2 ft. wide and 1 ft. thick built 
in along with wall footings, and projecting 1 ft. 9 in. into the 
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Mound or cone in bottom of tank, oovered with puddle to the 
dep^ of 24 inches, its base flagged with a coiurHe of yard flags 
4 in. thick, the remainder pitched '\i'ith dry rubble. 

Pillar in centre of tank, capped with a solid stone 4 ft. square 
16 in. thick, for supporting crown of gasholder when down. 

Mortar, lias lime, one-third ; sliarp clean sand, two-thirds. 



CAST-IBON TANKS. 

Diameter, 83 ft. Depth, 16 ft. 

Plates, not more than 4 ft. in length or width. All, except 
top course or tier, strengthened with diagonal ribs. Lowest 
tier i in. thick ; top tier ^ in. thick ; intermediate and bottom 
plates I in. thick. Small brackets or snugs, piDJeeting 4 in., cast 
li in. below centre of side plates, to support the strengthening 
hoops. 

Flanges, 8 in. wide, with brackets between the bolt-holes. 

Bolt-holes, square, | in. and ^ in., and 6 in. apart, centres. 

Bolts of bottom plates and two lower tiers of sides, | in. ; all the 
dthers i in., square under head. 

Hoops of flat wrought-iron, 8 in. by § in., boimd round each tier of 
siae plates with jaws and screws. 

Joints, i in. thick, caulked with iron cement. 



)iameter, 61 ft. Depth, 17 ft. 

Plates, bottom, 1 in. thick, except outside row, IJ in. thick. Side^ 
first tier, l^in.; second, lin.; third, iin.; and 4th, Jin. thick. 
Depth, 4ft. Sin.; width, 4ft. 9 in. Say, 40 i)lates in each tier. 
Snugs, projecting 4 in., cast on each plate, 2 in. below centre, t» 
support the binding hoops. 

Flanges, 3 in. wide, not less than i in. thick ; brackets ^ in. thick 
between the bolt-holes. 

Bolt-holes, square, i in. ; 7 in. apart, centre to centre. 

Bolts, i in., square under head. 

Hoops of flat-iron, 3^ in. by f in., with suitable jaws and tightening 
screws bound round each tier of side plates. 

Joints, ir in-thick, caulked with iron cement. 



)iaBneter,101ft. Depth, 22 ft. 8 in. 

. Platesi bott(xu, outside row liin., and remainder lin., except 
centre plate, 1^ in. Sides, first and second tiers, 1^ in. ; third 
tieri l^in.; fourth and fifth tiers, lin. thick. Width, 4ft. 21 in. 
(say 76 plates in each tier); depth, 4ft. 6^ in. Bearing bracket, 
projecting' 6 in ., cast on each plate, 2i in. below centre, to support 
the strengthening hoops. 
Flanges, 3^ in. wide, equal to plates in strength; brackets S izi* 
between the bolt-holes. 
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Bolt-holes, square, 1 in. ; 7 in. centre to centre. 

Bolts, 1 in., square under head. 

Hoops, flat-iron, 5 in. by l^in., with jaws and screws, bound round 

each tier of side plates. 
Joints, i in. thick, caulked with iron cement. 



WROUGHT-mON TANK. 
Diameter, 51 ft. 4 in. Depth. 14 ft. 

Plates g in. thick, both sides and bottom, with the exception of the 
outer row in the latter, and those to which the guide rails are 
fixed up the sides, which are ^ in. thick. 

Curbs, of angle-iron, extending round the entire circumference of 
the tank outside ; top curb 4 in. by 4 in. by ^ in. ; two intermediate 
curbs or rings the same size, and bottom curb 4^ in. by 4^ in. 
by i in., all butt jointed, and with lapping pieces not less than 
18 in. langf riveted to the side plates of tne tank with | in. 
rivets 6 in. apart. 

Vertical stays, 12 in number, serving as guides for the holder, 
14 ft. long, formed of two 3 in. by 2^ in. by g in. angle-irons placed 
thus: — JL and riveted to the § inch plates up the sides before 
mentioned with rivets 6 in. apart. 

Lap of plates, not less than li in., riveted hot with g in. rivets 
1^ in. centres. 

Masonry standards to support columns. 



ANNULAR OR RING TANKS. 

Cast-iron. 
Diameter, 75 ft. Depth, 19 ft. 

Plates, bottom or ring plates, 3 ft. 6 in. wide, 1 in. thick. Inner 
circles, 1 tier of plates only, 4 ft. deep, 1 in. thick ; strengthened 
with 2 horizontal ribs, 2 in. deep by | in. thick on side next 
centre of tank, and on other side with 2 vertical brackets, 9 in. 
at bottom diminishing to nothing at top, f in. thick, with foot, 
9 in. by 6 in. by J in., on bottom of each oracket. Outer circle, 
4 tiers, 4 ft. 9 in. deep, and 1 in., | in., | in., and g in. thick respec- 
tively. 56 plates in the circumference. Snug, projecting 4| in. 
2 in. below centre, to support binding hoops. 
Flanges, 3| in. wide, equal to plates in strength, with brackets be- 
tween the bolt-holes. 
Bolt-holea square, | in.; 6 in. centre to centre. 
Bolts, i ID., square under head. 
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Hoops, flat-iron, 4 in. by 1 in., witli suitable jaws and sorews, bound 

round each tier of outside plates. 
Joints, i in. thick, caulked with iron cement. 



)iameter, 108 ft. Depth, 22 ft. 

Plates, bottom or ring, 6 ft. wide, 1 in. thick. Inner circle, 1 tier 
of plateH only, 4 ft. deep, 1 in. thick ; strengthened witli 2 hori- 
zontal ribs, 2 in. deep by f in. thick on side next centre of tank, 
and on other side with 2 vertical brackets, 9 in. at bottom, dimi- 
nishing to nothing at top, | in. thick, with foot on bottom of 
each, 9 in. by 6 in. by f in. Outer circle, 6 tiers, 4 ft. 6 in. deep, 
and 1} in., 1 m., S in., f in., and i in. thick respectively. 66 
plates in the circumference. A snug or bearing bracket cast on 
each of the outside plates, 2^ in. below centre, and projecting 
4 in. for supporting the binding hoops. 

Flanges, Bin. wide, 1 in. thick, with brackets between the bolt-holes. 

Bolt-holes, I inch square, 6 in. apart, centre to centre. 

Bolts, 3 in., square imder head. 

Hoops, flat-iron, 4J in. by J in. for bottom tier, 4§ in. by § in. for the 
others, with jaws and tightening screws. 

Joints, i in. thick, caulked with iron cement. 



Diameter, 110 ft. Depth, 24 ft. 2 in. 

Plates, bottom or ring, 3 ft. 10 in. wide, 2 in. thick. Inner circle 

1 tier of plates only, 4 ft. deep, i in. thick ; strengthened with 

2 horizontal ribs, 2^ in. broad by 2 in. thick on side next centre 
of tank, and on the other side with 2 vertical brackets, 9 in. at 
bottom, diminishing to nothing at top, | in. thick, with foot on 
bottom of each, 9 in. b^?^ 6 in. by i m. Outer circle, 6 tiers, 
4 ft. 10 in. deep, and li in., 1 in., | in., | in., and | in. thick 
respectively. 66 plates in the circumference. A bearing bracket 
cast on each of the outside plates, 2^ in. below centre, and pro- 
jecting 4 in., for supporting the binding hoops. 

Flanges, 3 in. wide, and same strength as the respective plates ; 

brackets between the bolt-holes. 
Bolt-holes, i in. square, 6 in. apart, centres. 
Bolts, I in., square under head. 
Hoops, flat-iron, 5 in. by f in. for the bottom tier, and 4^ in. by g in. 

for the others, with suitable jaws and tightening screws. 
Joints, i in. thick, caulked with iron cement. 



Wrought-Iron. 

Diameter, 127 ft. Depth, 20 ft. 8 in. 

Annular space, 3 ft. 9 in. wide. 

Plates, bottom or ring plates i inch thick; sides five rows deep; 
first and second row of plates from bottom. 4 ixi.« tboiCkk.^ ^iok^^l. 
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and fourth rows 7-16ths in. thick, and the fiith or top row 
g in. thick; lap of plates, 3 in.; the top of the inner row of 
plates being 8 in. lower than the outer row ; angle-iron curbs in 
bottom, 4 in. by 4 in., by g in. thick; the ^ in. and 7-16th8 in. 
plates riveted with i in. rivets, 2^ in. apart, and the § plate^^ 
by I in. rivets, 2 in. apart. 

Curbs, top outer curb of angle-iron 5 in. by 5 in. by i in.; top 
inner curb of angle-iron 3 in. by 3 in. by i in.; both riveted 
with i in. rivets, 6 in. apart. 

Standards, 18, box form, 15 in. by 9 in., of g in. plates on three 
sides, 3 in. by 3 in. by iin. angle-iron to secure same to side 
sheets and extending round the bottom of the standard at its 
lower end, and 6 in. by 6 in. by g in. angle-iron round the top to 
form a base for the columns, all riveted at 6 in. apart with f in. 
rivets ; two of these standards form the inlet and outlet pipeu, 
for which purpose they are continued under the annular space 
and up the inside of the inner ring of side sheets, and riveted 
with I in. rivets as before, but only 2 in. apart. 



GASHOLDERS. 

The holder or floating vessel (Fig. 58) is the storage reservoir for the 

fEbs, and it serves the all-important purpose of equalizing the distri- 
ution of the gas under pressure, and ensures an unbroken continuity 
of supply. In form it is invariably cylindrical, like an inverted cup, 
and works freely up and down in the tank. 

The holder may be either single (Fig. 60), or telescopic (Fig. 61), and 
the latter may be in either two or more lifts. Two Ufte are generally 
adopted, but some of the largest holders recently constructed are in 
three lifts. 

When the holder is made in the telescopic form, its capacity is 
nearly double or treble (as the case may be) the capacity of tne i^ingle 
lift holder for equal dimensions of tank. Ground space and capital 
are thus economized by its adoption. 

Telescopic holders require great care in construction and working — 
first J to ensure accuracy in the " cupping " of the water-lute or seal, 
and, aecondj to prevent the water in the lute from freezing, which 
endangers ihe action of the vessel, or causes distortion, and imperils 
the lighting of the district. 

Holders, whether single or telescopic, are counterbalanced or not, 
as is found desirable or necessary. When the diameter of the holder 
is more than twice the depth, counterbalance weights are not required, 
especially where an exhauster on the one hand, and a governor on the 
other, are employed, as is the case in all but the sm^lest gas-works. 
When the diameter and depth more nearly approximate, it will 
generally be found of advantage to reduce the pressure by counter- 
balancing. The large three-lift telescopic holder, 214 ft. in diameter, 
jutd 169 it, 9 in. total depth, at the South Metropolitan Gas-Works, 
^ not eonnterbaJanoed. 
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hoxirs of moonlight ; and where, as in manufacturing towns and dis- 
tricts, the large manufactories, generally the heaviest gas consumers, 
being closed on Saturday nights and Sundays, the production for 
these two days (unless Sunday labour is partially avoided) is greatly 
in excess of the consumption. 



Precautions to be observed in the working of Gasholders. 

Telescopic holders in winter are liable to be thrown out of order by 
the freezing of the water in the cup between the lifts. When the lower 
lift is down, the upper lift in its progress downwards rolls the ice and 
snow in the lute into hard lumps, often, if not removed, throwing the 
vessel out of plumb, and even fracturing the columns. Great care should 
therefore be taken to keep the water-lute clear ; and where steam can 
be readily applied, it is of the utmost service in accomplishing tiiis 
object in time of frost. 

Another important precaution is to keep the top or crown of the 
holder, whether single or telescope, clear of snow, especiaUy when the 
latter is drifting. Nothing will sooner break down a holder and its 
guide framing than allowing a mass of snow to collect and lie on one 
side of the roof. 

The oscillation of a telescopic holder during strong winds is greater 
when uncupped than when the lifts are joined. Its liability to damage 
from wind is also greater when imcupped, even although less surface 
is presented to the wind's action. 

The sheeting of a holder, being thin and the portion most liable to 
wear out by oxidation, should be coated outside at least once a year 
with good oxide of iron or other suitable paint, or tar. 

It happens not unfrequently that the roof of a gasholder becomes 
pitted "W'ith small pin-holes from which there is a considerable and con- 
stant escape of gas. This may arise from the inferiority of the iron in 
the first instance ; or from allowing the sheets to become oxidized 
before fixipg ; or it may be due to neglect to paint the vessel when in 
use. In districts where there are numerous chemical works, the im- 
purities in the atmosphere affect the thin sheets in this manner. The 
leaks may be stopped by coating the roof with warm tar, and riddling 
dry sand or cement over it through a sieve, at the same time rubbing 
the mixture well in with a stiff brush. 

Eecipe for coating a gasholder : — 

1 gallon of tar. 

i lb. of slaked lime. 

i lb. of pitch. 

§ lb. of tallow. 

i pint of coal naphtha. 

Dissolve the pitch and mix the lime in the tar by heating them in a 
boiler, being careful not to boil them ; ladle out the hot liquid into a 
bucket, and then add the |»llow and the naphtha. Stir the mixture occa- 
sionally, and with a brush paint it on the holder before it grows cold. 
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TABLE 

Giving the Capaoitt of Gasholdebs in Cubic Feet for every Foot in 
Depthf and from 20 to 160 Feet in Diameter, advancing Half a Foot 
at a Time, 
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TABLE OF THE WEIGHTS OF GASHOLBEBS, 

In Pounds for every One-tenth of an inch Maximum PreMsurCf and 

from 20 to 900 Feet in Diameter 
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To Ascertain the Weight of a Gasholder by the above Table, the 
XHameter and Mojeimum Pressure being Arnotrn. 

Bi7i<E. — Multiply the number of lbs. standing opposite to the dia- 
meter by the pressure in tenths of an inch. 

ExucpLE. — ^What is the weight of a gasholder 78 feet in diameter, 
FXEz^ a iOAzimnm pressure of 32/lOths ? 



gMvmg 



pressure 
2^69 X 32 = 79,648 lbs., vrei^t oi gjAsholder. 
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To Aacertaint by the preceding Tdble^ the Pressure which a Gasholder 
will give^ the Diameter and Weight being known* 

BuLE. — ^Diyide the weight in lbs. of the gasholder by the weight 
given opposite to the diameter. 

Example. — ^What pressure will a gasholder give whose weight is 
32,075 lbs., and diameter 56 feet ? 

82,075 "T- 1283 = 25/lOthB, maximum pressure of gasholder. 

The figures given in the foregoing table are based on the weight of 
a cubic foot of water — viz., 62*5 lbs., a column of water 1/lOth of an 
inch high, with an area of 1 square foot, being '52083 lbs., or the 
laOthpart. 

Thus, if the area of the holder in feet (obtained by squaring the 
diameter and multiplying by '7854) be multiplied by 62'6, the weight 
of a cubic foot of water in lbs., and divided by 120, the number of 
lOths of an inch in a foot, the product will be the weight of the holder 
in lbs. for each 1/lOtb of an inch maximum pressure. 

Or thus : The area of a circle is to the square of its diameter as 
'7854 is to 1 ; hence the weight of a gasholder in lbs., to give 1/lOth of 
an inch pressure, is to the square of its diameter in feet as '52063 X 
'7854 is to unity ; or, which is the same thing, as *4091 is to imity. So 
to ascertain the weight of a holder, say, 100 feet diameter, giving a 
maximum pressure of 35/lOths — 

100> X 35 X '4091 = 143,185 lbs., weight of gasholder. 



DIMENSIONS OF THE PEINCIPAL MATEEIALS IN 
GASHOLDEBS IN ACTUAL WOBKING. 

Single Gasholder, 
Diameter, 30 ft. Depth, 15 ft. 

Boof sheets. No. 17 B. wire gauge. 
Side sheets. No. 18 B. wire gauge. 
Inlet and outlet pipes, 6 in. diam. 



Single Gasholder, 

Diameter, 35 ft. Depth, 12 ft. 

Boof Sheets, No. 15, B. wire gauge. 

Side sheets. No. 16 B. wire gauge. 

Grown Plate, 3 ft. 6 in. diam., | thick. 

4 main and 4 secondary bars, of 3 in. T-iron. 

Top and bottom curbs, of 3 in. angle-iron. 

4 colunms, 13 ft. 6 in. long; diam. at base, 6 in. ; at top, 5iin« 

4 holding-down bolts to each column, 4ft.\oT)^,\m,TO'^QaA'-^flc«CL« 
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: . . " Single Gasholder, 

Diameter, 38 ft. Depth 12 £t. 

•r Bod sheets, No. 17 B. wire gauge. 
Side sheets, No. 18 B. wire gauge. 



Single Gasholder, 
Diameter, 40 ft. Depth, 15 ft. 

Crown plate, 8 ft. 6 in. diam., fin. thick. 

Boof sheets, No. 14 B. wire gauge. 

Side sheets, top and bottom ti^rs, No. 14 B. wire gauge ;. all the 
the rest, No. 15 B. wire gauge. 
- Bivetfl for sheets, I in. diam., 1 in. apart, ceniare to ceniare. 
■ Bivets for top curb, § in. diam^ 1^ in. apart, centre to centre. 

Bivets for bottom curb, § in. diam., Gin. apart, centre to centre. 
• Oentre-pipie of oast-iron, 6 ft. long, 4 in. diam. 

Truss cup, cast-iron, 2 ft. 6 in. diam. 

12 main bars, T-iron, 2) x 2} x § in. 

4 vertical stays, T>iron, 8 x 2^ x i in. 

Top curb, angle-iron, 8 x 8 x fin. 

Bottom curb, angle-iron, 3 x 3 x § in. 

4 columns, 17ft. long; diam. at base 9 in. ; diam. at tpp, 7 in. 

8 holding-down bolts to each column, 7 ft. long each, 1| in. diam. 

Girders of T-iron, 3 X 4 x i in., trussed. 

Balance- weights, 40 cwt. ; ^ in. chains. 



Single Gasholder. 
Diameter, 44 ft. 6in. Depth, 20 feet. 

Bise of crown, 1 ft. 9 in. 

Crown plate, 3 ft. 6 in. diam., | in. thick. 

Boof sheets, inner and outer circles. No. 12 B. wire gauge ; all the 

rest. No. 14. 
Side sheets, top and bottom tiers, No. 12 B. wire gauge ; the rest, 

No. 17. 
Bivets for Nob. 12 and 14 sheetB,^6-16ths in. diam.; for No. 16 sheets, 

I in. diameter. 
5 main and 5 secondary bearing bars, of T-iron, 8 X 3 x i in. 
5 columns, 22 ft. long, 7 in. diam. at base, 5f diam. at top; metal 

ll-16ths thick. . 

4 holding-down bolts, '16 ft. long, 11 in. square-iron. 

Single Gasltolder, 
Diameter, 60 ft. Depth, 20 ft. 

Bise of crown, 12 in. . 

Boof sheets. No. 14 B^ wire gauge. 
S/d^ sheets, No. 16 B. wire gauge. 
, Jiivets, J In, apturt, centres, .^ • 
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Top and bottom ourbs, 3 in. Angle-iron. 

8 yertieaJ bars. 

8 columns, 26 ft. long, cast in two lengths each ; 12 in. diam. at base, 

6 in. diam. at top. 
Inlet-pii>e, 9 in. diam. 
Ontlet-pipe, 10 in. diam. 



Single Oasholder, 

diameter, 50 ft. Depth, 16 ft. 

Bise of crown, 2 ft. 6 in. 

Crown plate,' 3 ft. diam., i in. thick. 

Boof sheets, inner and outer circles. No. 12 B. wire gauge; all the 

others, No. 14. 
Side sheets, top and bottom tiers, No. 14 B. wire gauge; the others. 

No. 16. 
Bivets, i in. diam., 1 in. apart, centres. 
Bivets for joining sheets to angle-iron, | in. diam., 1) in. apart 

centres. 
Bivets for bottom curb, ^ in. diam., 9 in. apart, centres. 
10 main, and 10 secondary rafters, of T-iron, 3 X 3 x § in. 
Top curb, of angle-iron, 3 x 3 x i in. 
Bottom curb, 2 rings of angle-iron, 3 x 3 x | in., 6 in. apart, with 

flat bar of iron, 6 in. wide and ^ in. thick, between them. . - 
Centre strut, cast-iron pipe, 9 ft. long, 6 in. external diam., 2 in. 

thick; bearing flanges, 13 in. diam., li in. thick; outer rim of 

cup strengthened by a ring of S C and orown>iron, 2x1 in., 

shrunk on hot. 
10 vertical ribs, T-iron, 3x3x1 in., secured to top and bottom 

curbs and to side sheets. 
5 columns, 18 ft. long ; diam. at base, 7 in. ; diameter at top, 5 in. 

metal i in. thick. 
Suspension chains, i in. short link, tested to 5 tons. 



Single Gasholder, 

)iameter, 60 ft. Depth, 18 ft. 

Boof sheets. No. 14 B. wire gauge. 
Side sheets, No. 15 B. wire gauge. 
Inlet and outlet pipes, 9 in. diam. 

• 

Single Gasholder, 

>iameter, 60 ft. Depth, 17 ft. 

Bise of crown, 3 ft. 

Crown plate, 4 ft. diam., i in. thick. 

Roof sheets, inner and outer circles. No. 13 B. wire gauge ; the 

rest. No. 14. 
Side sheets, top and bottom tiers, No. 14 B. wire gauge ; the rest 

No. 15. 
Top curb, 4 X 4 X 7-16ths in. angle-iron. ^ 
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Bottom curb, two bars of 8 X 3 X fin. angle-iron, placed back to 
back, and bar of flat-iron riveted to the bottom with § in. rivets. 

16 vertical bars, 2$ x 2) x i in. T-iron, riveted to top and bottom 
curbs and to side sheets. 

8 columns, 18 ft. long ; diam. at base, 6f in. ; at top, 6} in. ; metal, 
S in. thick. 



• Single Oaaholder, 
Diameter, 60 ft. Depth, 18 ft. 

Boof sheets, inner and outer circles. No. 18 B. wire gauge ; the 

others. No. 14. 
Side sheets, top and bottom tiers. No. 14 B. wire gauge ; the others, 

No. 16. 
Top curb, 4 X 4 X I in. angle-iron. 
Bottom curb, formed of two bars of angle-iron, 4x4x1 in., 

riveted back to back with ^ in. rivets 12 in. apart, centres. 
14 vertical bars, 4 x 3 x i in. T-iron. 
7 columns, 19 ft. 6 in. long each. 



Single Oaaholder, 
Diameter, 81ft. 8 in. Depth, 20 ft. 6 in. 

Bise of crown, 3 ft. 

Grown plate, 4 ft. diam., ^ in. thick. . 

Boof sheets, inner and outer circles. No. 10 ; all the rest. No. 14 B. 

wire gauge. 
Side sheets, top and bottom tiers, No. 14; all the rest, No. 16 B. 

wire gauge. 
Bivets, i in. diam., 1 in. apart, centres. 
16 main rafters, 6 x 3 x i in. T-iron. 
16 secondary rafters, 4x1 in* flat-iron, placed on edge. 
Gentre strut, cast-iron pipe, 9 ft. long, 7 in. external diam., 1 in. 

thick ; flanges, 13 in. oiiun., 1^ in. thick ; cup strengthened by a 

hoop 2 X 1 in. S C iron, shrunk on hot. 
Tension rods, long Queen bolts, short Queen bolts, long suspenders 

short suspenders, 16 in number each, of li in., 1} in., 1^ in., 1 in., 

and i in. round-iron respectively. 
Top curb, of angle-iron, double, 4 by 4 by J in. 
Bottom curb, of angle-iron, 4 by 4 by 1 in., with bar of flat-iron, 

6 by 1 in. beween, and riveted with g in. rivets 12 in. apart. 
12 vertical bars, 4 x 3 x 1 in. T-iron. 



Single Gasholder, 

Diameter, 87 ft. Depth, 20 ft. 

Bise of crown, 4 ft. 

2 crown plates, 4 ft. diam., i in. thick. 

liool sheets, inner and outer circles. No. 12 ; the rest, No. 14 B. 
wire gauge, except 9 sheets upon which the sliding carriages are 
£xed, No, 7 B. wire gauge. 
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ISide sheets, top and bottom tiers, No. 12 ; all the remamder, No.. 
14 B. wire gauge. 

Iftivets, 5-16th8 in. diam., 1 in. apart centres. 

Centre-pipe of wrouf^ht-iron, 12 ft. lon^, 12 in. diam. 

Trass cup, wronght-u*on, 3 ft diam., 2 in. thick. 

18 main bars, T-iron, 4 x 8 x ) in. 

18 secondary bars, T-iron, 3 x 8 x i in. 

9 rings or purlins of bracket bars, the middle pnrlin of angle-irou 
3) x 8i X i in., the remainder of flat-iron 2 x iin., sectmBd to- 
main and secondary bars with g in. bolts. 

18 principal tension rods, 1^ in. diam. 

86 diagonal tension rods, 2 in. diam. 

86 truss bars ; 18 of 1§ in. diam., 18 of IJ in. diam. 

Top curb, 2 rings of angle-iron, 3§ x 3) x fin. 

Bottom curb, 2 rings of angle-iron, 3) x 3^ x t in. 

18 vertical truss bars, T-iron, 3^ x 3) X ) in. 

9 columns, 22 ft. long each, 14 in. diam. at base, 11 in. at top. 

4 holding-down bolts, 8 ft. long, 1^ in. diam. 



Single Gasholder. 
Diameter, 100 ft. Depth, 20 ft. 

Rise of crown, 5 ft. 

2 crown plates 5 ft. diam., g in. thick. 

Roof sheets, inner and outer circles. No. 10 ; the remainder, No, 

12 B. wire gauge, except carriage sheets, I in. thick. 
Side sheete, top and bottom tiers, No. 9 ; the remainder, No. 12 B. 

wire gauge. 
Rivete, 5-16th in. diam., 1 in. apart, ceniares. 
Centre-pipe of wrought-iron, 14 ft. long, 24 in. diam., 5-16ths in. 

thick. 
18 main and 18 secondary bars. 
Top curb, 2 rings of angle iron, 4 x 4 x 7-16th8 in. 
Bottom curb, 2 rings of angle-Iron, 4 x 4 x 7-16ths in., and a flat 

bar of wrought-iron 6 x § in. 
18 vertical bars, T-iron, 4 x 4 x § in. 
9 columns, 24 ft. long, 24 in. diam. at base, 18 in. diam. at top, 1^ to* 

1 in. metal. 
4 holding-down bolts, 8 feet long, 1} in. diam. 



Single Gasholder. 

Diameter, 110 ft. Depth, 26 ft. 

Rise of crown, 5 ft. 6 in. 

Crown plates, 4 ft. diam. ; i in. thick. 

Roof sheets, row next oentoe and outer row next curb, i in. thick ; 

second row from centre, | in. thick ; and second row next curb,. 

8-16ths in. thick ; the remainder No. 12 B. wire gauge. 
Side sheete, top and bottom rows, ^ in. thick ; next row to each 

8-16ths in. thick ; the remainder No. 12 B. wire gauge. 
Bivete, i in. and 8-16ths in. plates | in. rivete, 2 in. centres ; th& 

i in. and No. 12 B. wire gauge sheets 5-16ths in. rlveta^ \\ vx« 

centres; i in. plates and curb | in. mei\A, ^ Vxx. <^«Ql\x«^. 
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Top curb of 2 angle-irons 5 x 4 x ^ in. 

Bottom curb of 2 angle-irons 4 x 4 x ^ in. 

Vertical stays, 14, of 2 angle-irons 3x3 X i in., and a piece of 

timber 12 in. x 4 in. bolted between. 
Centre pipe of | in. plate, 2 ft. diam. 
Main rafters, 28, of T-iron 5 x 3 x i in. 
Purlins, of T-iron 3 x 4 x § in., and remainder of angle- iron 3x3 

X i in. 
Stmts, 3, on main rafters li^ and 1^ in. diam. 
Tie rod, principal Ig in. diam., second 1) in. diam., and third 1 in. 

diam. 
Columns, 14, of cast-iron 1 ft. 6 in. diam. at bottom, 1 ft. 2 in. at 

top ; metal | in. at bottom, diminishing to g in. thick at top. 
Holding down bolts, 4, 1^ in. diam., 20 ft. long. 
Lattice girders, 14, 1 ft. 6 in. deep, of two frames of angle-iron, 3x3 

X i in., and braces 2i^ x i inch riveted between, top and 

bottom of girder covered with a plate 10 in. wide by | in. thick. 



Single Gasholder. 

J)iameter, 142 ft. Depth, 65 ft. 

Roof, without trussing or framework. 

Roof sheets, first, or outside circle, 3ft. lon^, §in. thick; rivets 

I in. diam., 2^ in. apart, centres. Second circle, 3 ft. long, I in. 

thick ; rivets, 9-16ths diam., 2^ in. apart, centres ; centre sheets, 

forming a circle 30ft. diam., Jin. thick, butted and riveted to 

each otner by lapping pieces, 3J in. wide; rivets, 9-16thB in. 

diam. ; remainder of roof sheets, 6 ft. long, 3-16ths in. (No. 7 B. 

wire gauge) thick ; rivets, | in. diam., IJ in. apart, centres. 
Side sheets, top and bottom tiers, J in. thick ; rivets, } in. diam., 

li in. apart, centres. Intervening side sheets. No. 10 B. wire 

gauge; rivets, fin. diam., IJ in. apart, centres. 
Top curb, a circular chamber Or girder, in section nearly rectan- 
gular, outer depth, 18 in. ; inner depth, 19 J in. ; width, 2 ft. 6 in.; 

constructed of 4 x 4 x i in. angle-iron. 
Bottom curb, formed of two circles of g in. boiler-plates, 12 in. 

wide, each riveted to a circle of angle-iron, 4 x 4 x J in. 
32 vertical stays, 3 sides of a rectangular figure, 12 in. wide, 10 in. 

deep ; formed of 4 angle-irons 3 X 3 x g in. and | in. boiler-plate. 
16 columns, diam. at base 3 ft.; at top, 2 ft. 3in. ; metal | in. to 

f in. thick. 

holding-down bolts, 10 ft. long, 2i in. round-iron. 



Two-lift Telescopic Gasholder. 
X)iameter of outer lift, 44i ft. Depth, 16 ft. 

Diameter of inner lift, 43 ft. Depth, 16 ft. 

Rise of crown, 1 ft. 9 in. 
Crown plate, 3 ft. 6 in. diam., g in. thick. 

!Boof sheetB, inner and outer circles, No. 12 ; all the rest. No. 14 B. 
wire gauge. 
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Side sheetfii in both lifts, top apd bottom tiers, No. 12 ; all the rest, 
No. 16 B. wire gauge. 

Bivets for Nos. 12 and 14 sheets, 5-16ths in. diam. ; for No. 16 
sheets, i in. diam. 

Cupj inner lift, formed by 2 rings of 2^ x 2^ x 5-16thA in; angle- 
iron, connected together with No. 8 plates, with side of No. 10 
plate, and a ring IJ x § in. half-round iron, riveted round. 

Dip, outer lift, the counterpart of the cup, inverted. 

Main-bearing bars, T-iron, 3 x 8 X ^ in. 

Secondary bearing bars, T-iron, 8 x 8 x § in. 

6 vertical bars, inner lift, T-iron, 2J x 2i x f in. 

6 vertical bars, outer lift, T-iron, 2^ x 1^ x | in. 

Bottom curb, angle-iron, double, 8 x 3 x i in. 

6 columns, 12 in. diam. at. base, 10 in. at top ; metal 1 in. to S iA» 
thick. 

Two-lift 'Telescopic Gasholder. 

Diameter, outer lift, 87 ft. Depth, 20 ft. 

Diameter, outer lift, 85 ft. Depth, 20^ ft. 

Rise of crown, 4 ft. 
2 crown plates, 4 ft. diam., ^ in. thick. 
• Roof sheets, inner and outer circles. No. 12; the rest. No. 14 B. 

wire gauge, except 9 sheets upon which the carriages are fixed, 

No. 7 B. wire gauge. 
Side sheets, top and bottom tiers, both lifts. No. 12; all the. rest, 

No. 14 B. wire gauge; 
Rivets, 5-16th8 in. diam., 1 in. apart, centres. 
Hyd'raulic cup and dip, tin. wide, 16 in. deep. 
Centre-pipe of wrought-iron, 12 ft. long, 12 in. diam. 
Truss cup, wrou^ht-iron, 8 ft. diam., J in. thick. 
18 main bars, X-iron, 4 x 3 x i in. 
18 secondary bars, T-iron, 3 x 3 x i in. 
9 rings or purlins of bracket bars, the middle purlin of angle-iron, 

3§ X 8i X iin., the remainder of flat-iron 2 x Jin., secured to 

main and secondary bars with g in, bolts. 
18 principal tension rods,* 1^ in. diisbm. • 
36 diagonal tension rods, | in. diam. 
' 36. truss bars ; 18 of li in. diam., 18 of li in. diam. 
Bottom curb, 2 rings of angle-iron, 3i X 8i x § in. 
' 18 vertical truss bars, T-iron, 8i x 3i X Jin. 
9 columns, 41 ft. long, 30 in. diam. at base, 20 in. at top, 11 to i in. 

metal, cast in 4 lengths. 
4 holding-down bolts, 8 ft. long, IJ in. diam. 

Two-lift Telescopic Gasholder. 

Diameter, outer lift, 100 ft. Depth, 22 ft. 

Diameter, inner lift, 98 ft. Depth, 22 ft. 

Roof sheets^ No. 11 B. wire gauge. . . 

Side sheets, top tier. No. 11; all the others. No. 12 B. wire gauge. 

Rivets, I in. diam., 1 in. apart, centres. 



166 NEWBIGGING'S HANDBOOK FOB 



Hydraulic joint, 8 in. wide, 15 in. deep, No. 10 B. wire gange ; top 
edge of cup and bottom edge of dip bound by half-round iron, 
2 X lin. thick. 

Bottom curb, angle-iron, 4 x 1 in. at the root, and ring of bar- 
iron 4 X 1 in. 

12 columns, 24 in. diam. at base, 16 in. at top ; metal 1| to 1 in. 
thick. 

4 holding-down bolts, 10 ft. long, 2 in. square-iron. 



Two-lift Telescopic Gasholder. 
Diameter, outer lift, 102 ft. Depth, 22 ft. 

Diameter, inner lift, 100 ft. Depth, 22^ ft. 

Rise of crown, 4 ft. 

Crown plate, 5 ft. diam., | in. thick. 

Boof sheets, first ring next centre. No. 9 ; next and outer rings, 
No. 11 ; all tlie rest. No. 12 B. wire gauge. 

Side sheets, outer lift, top and bottom tiers, No. 11 ; all the rest. 
No. 13 B. wire gauge, inner lift, top and bottom tiers, No. 13 ; 
all the rest, No. 17 B. wire gauge. 

Cup and dip, 8 in. wide, 15 in. deep, of angle-iron 3 x 3 x f in. ; 
plate, No. 7B. wire gauge; edges stiffened with IJ x fin. half- 
round-iron ; \ in. rivets, 6 in. apart. 

10 columns, 18 in. diam. at base, 14 in. at top; metal, 1^ to fin. 
thick, cast in 4 lengths. 

4 holding-down bolts, 8 ft. long, 2 in. square, wrought-iron. 



Two-lift Telescopic Gasholder, 
Diameter, outer lift, 103 ft. Depth, 25} ft. 

Diameter, inner lift, 101 ft. Depth, 24 ft. 

2 crown plates, 4 ft. diam., } in thick. 

Boof sheets, inner and outer rings, | in. I^ick ; all the rest, 1-lOtb 

in. thick. 
Side sheets, top and bottom tiers, lin. thick; the remainder, 

1-lOth in. thick. 

Two-Lift Telescopic Gasholder. 
Diameter, outer lift, 112 ft. Depth, 26 ft. 

Diameter, inner lift, 110 ft. Depth, 26 ft. 

Bise of crown, 6 ft. 

Boof, trussed. 

iloof sheets, centre plate \ inch thick, next row \ in. ; next, 3-16ths 

in.; outer row, I in.; next, 3-16ths in.; and the hitermediate 

7 rowB i in. thick. 
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Side sheets, 8«16tihs in. thick top and bottom rows, remainder 
No. 12 B. wire gauge; the cup, 8 in. x 18 in., is formed of 2 rings 
of 3 X 3 X i in. angle-iron, the bottom and sides being of I in. 
plate, having 2 and 1 in. half-round bead at edge of plate. 

Top curb, of two rings of angle-iron 6 x 3) x § in. 

Bottom curb, of 2 rings of angle-iron 6 X 3 x ^ in. placed 9 in. 
apart, between which the bottom roller carriages are secured. 

Vertical stays, inner lift, 28, 14 of which are of 2 angle-irons 3x3 
X i in. riveted on each side to a web plate 9 in. wide and i in. 
thick ; the remaining 14 being of T-iron 6 X 3 x § in. trussed 
with three struts and a tie rod. Outer lift has 28 vertical stays of 
I in. guard-iron 5 in. wide, against which the guide pieces on the 
cup slide. 

Centre colunm, 17 ft. 6 in. long and 2 ft. diam. of wrought-iron 
plates t in. thick, I in. rivets, 2^ in. pitch ; this is secured to the 
under crown plate, which is 4 ft. in diam., by a ring of angle-iron 
6 x 4 X i in., and | in. rivets ; at the lower end of the column 
are 2 rings of angle-iron, 5 x 4 x i in., placed 3^ in. apart to form 
a jaw to receive ends of tension rods. 

Main rafters, 14, of T-iron, 4 x 5 x j^ in. trussed with six wrought- 
iron struts l^, 1^, and If in. diam. and a 1^ in. diam. tension rod. 
Fourteen main tie rods of IJ in. round-iron, extending from curb 
to bottom of centre column, and suspended in two places from 
the main rafters with i inch round rods ; the main tie rods and 
the tension rods have each a wrought-iron coupling box with 
right and left hand threads. 

Secondary rafters, 14, T-iron, 3 X 6 X } in. trussed as above with 
four struts 1| and 1^ in. diam., tension rod li in. diam., with 
coupling box ; these rafters extend from curb to within 21 ft. of 
the centre of holder, the inner ends being secured to a main 
brace bar or purlin. 

Purlins, 7 rows between side and centre, the main purlin men- 
tioned above is 4^ X 4^ x 9-16ths in., the one next curb 4 x 3 x ^i n., 
and the remainder 3 x 3 x i in. aU of T-iron. 

Columns, 14, of cast-iron, 2ft. Gin. diameter at bottom, 2 ft at top, 
and 65 ft. 8 in. high, surmounted with a large ball 30 in. diam., 
with spiked finial. 

Girders, 2 rows, each 2 ft. deep, and 10 in. wide, of 4 angle-irons 
3x3x1 in., with plate 10 X i in. top and bottom, diagonal 
braces 3x1 in., at the intersection of which is a cast-iron spiked 
ball in two halves, 17 in. diam. across spikes. 

Holding-down bolts, 4, 2 in. diam., 11 ft. 6 in. long. 

Two-lift Telescopic Gasholder. 
)iameter, outer lift, 120 ft. Depth, 24 ft. 

)iameter, inner lift, 118 ft. Depth, 24 ft. 

Bise of crown, 6 ft. 

Boof , untrussed, resting when down on timber framing in tank. 

Boof sheets, first or outside row, § in. thick ; second row, ^ in. ; 
third row, 3-16ths in. ; fourth row, No. 8 B. wire gauge ; crown 
plates, i in. thick and 6 ft. in diam. ; inside row, next crown plate, 
3-16ths in. ; next. No. 8 B. wire gauge ; and the remaining 10 
rows of intermediate sheets No. 11 B. wire gauge. 
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Side sheets, iiiner lift, 12 courses high ; top and bottom oonrse i in. 
iMck; second course at top, 3-16ths in.; and the remainder 
No. 12 B. wire gauge. 

Side sheets, outer lift, 12 courses high; top and bottom course, 
i in. thick ; second course at bottom, 3-16ths in. ; and the re- 
mainder No. 12 B. wire gauge. The thicker sheets in both inner 
and outer lift riveted together with g in. rivets, 1| in. apart 
centres, and the others with 5-16ths in. rivets, 1| in. apart 
centres. 

Top curb, of 2 angle-irons, one at junction of roof with side sheets 
5 X 5 X § in., and the other at the inner edge of outer row of 
sheets, 4 x 4 x } in. ; the two stiffened by gusset pieces springing 
from the vertical staj's. 

Bottom curb, of two 5 x 4 x | in. angle-irons, riveted to the out- 
side of the lower row of sheets, with g in. rivets, 6 in. apart. 
Between these two curbs, which are placed 2 in. apart, are nxed 
the 28 guide carriages and rollers. 

Gups, formed rolled channel-iron 8 x 3i x i in., riveted to the 
side sheets and rising plates, with ^ in. rivets 4 in. apart. A half- 
round bead 2 x § in. being riveted to edge of rising plates, which 
are § in. thick and 18 in. deep. 

Vertical stays, 28, formed of two 4 x 4 x ^ in. angle-irons and a 
web-plate between, f in. thick and 9 in. wide, secured with | in. 
rivete 6 in. apart ; at the upx>er end of these is attached a gusset- 
plate with angle-iron edges 3 X 3 X g in. extending to the inner 
angle-iron curb of roof, to which and the outer curb it is riveted. 

Standards 14, in the form of the letter T, 4 ft. 2 in. x 3 ft. at 
bottom, tapering to 1 ft. 9 in. each way at the top ; each standard 
51 ft. high. Between the angle-iron framework of the standards 
is cast-iron trellis work, 1 in. thick on one of its sides, and 
wrought-iron lattice work on the other; the standards are 
secured to cast-iron hollow base plates 6 in. deep ; 4 holding bolts 
to each standard, 11 ft. 6 in. long, 2| in. diam. 

Lattice girders, 2 rows in the height; first or lower row, 27 in. 
deep ; top row, 30 in. deep ; formed of 4 angle-irons 3 x 3 x ^ iu. 
wrought-iron tension bars 3 x i-inch and cast-iron struts. 

Two-ltft Telescopic Gasholder. 
Diameter, outer Uft, 161 ft. 6 in. Depth, 40 ft. 

Diameter, mner lift, 149 ft. Depth, 40 ft. 3 in. 

Crown trussed, rise 8 ft. 

Roof sheets, outer row, 5-16ths in. ; next row, 3-16ths in. ; and the 

remainder No. 10 B. wire gauge, two centre plates J in. thick 

and 4 ft. 6 in. diam. 
Side sheets, top and bottom rows in both lifts i in. thick, the 

remainder No. 11 B. wire gauge, \ in. rivets 1 in. centre ; cup and 

grip 10 in. wide and 20 in. deep, Piggot's form ; plates | in. 

thick, strengthened at edges with bead-iron. 
Top curb, of 2 rings of angle-iron 5 x 5 x J in., placed one above 

the other ; the lower one is secured to a flat bar 10 in. wide and 

J in. thick, which is again connected by straps 4 in. wide and i in. 

thick to the tojp row of sheets. 
Bottom curb, of 2 rings of angle-iron 5 X 4 x | in. riveted to 
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the outside of the bottom row of sheets with % in. rivets ; between 
these two rings are fixed the bottom guide roller carriages. 

Yertioal stays, 32 in. top lift of H-iron 12 in. deep, and 32 in. bottom 
lift, of channel-iron 8 x 2^ x } in., attached to sheets, cups, and 
ourbs with i in. bolts in upper lift, and g in. screwed pins in 
lower lift. 

Centre column, 3 ft. 6 in. diam., 22 ft. long, of plates 7-16th8 in, 
thick. 

Roof framing, 24 main radial T-iron bars 6 x 4 x } in. curved to 
roof, each with a main tension rod 2 in. in diam. at curb, and 
reduced to 1§ in. at the foot of centre column, and having a 
coupling box with right and left hand thread, 4 struts and 
4 tension rods form the bracing to this main bar, the former of 
cross-iron 4 x 4J x Jin. placed vertically, and the latter of 
1, lif 1|, and If in. round- iron placed diagonally, the strongest 
section being nearest the centre column ; 48 secondary radial bars 
of 4 X i in. flat-iron, that is, 2 equidistant between each main 
radial bar, and extending from top curb towards centre a dis< 
tance of 26 ft., and then for a further distance of 16 ft., in direction 
of the centre, another bar of the same dimensions is fixed* 
17 rings or rows of purlins, diWded equally from curb to 
centre, are fixed between main and secondary bars ; the first row 
from centre beinjj of 6 x i in. flat-iron ; next 4 rows of angle- 
iron, 1^ X li X iin.; next row of angle-iron 2 x 2 x iin. ; next 
row of T-iron 3 x 6 X § in- ; next 2 rows, which are subdivided in 
length by the secondary radial bar above mentioned, are of angle- 
iron li X li X i in. ; next row extending from main bar to 
mam bar is of I-iron 3 x 6 x i in. ; next 2 rows are divided in 
8 lengths between main bars by the two secondary bars, and are 
of li X li X i in. angle-iron ; next row extending from main to 
main is of T-iron 4 x 6 x i in. ; next row divided in 3 lengths 
as before of li x li x } in. angle-iron, and the remaining 2 
rows divided in 3 as before of 2 x 2 x J in. angle-iron ; 3 bars of 
flat-iron 2i x i in. cross diagonally in each bay formed by the 
two main bars. 

Columns, 16, of ca«t-iron, 83 ft. high, 3 ft. in diam. at base and 
2 ft. 8 in. at top, metal 1 in. thick ; cast-iron channel guide up the 
column, 6 X 3 in. inside measure, weighing 56 lbs. per foot. 

Girders, 16, at top 4 ft. deep, 7 in. wide, oi 4 angle-iron 3 x 3 x fin. 
and a top and bottom plate 7 in. wide by g in. thick ; dlE^^onal 
brace bars 4 x fin.; 16 intermediate girders 3ft. 6 in. deep, 
6 in. ^ide, of 4 angle-irons 2i x 2i x § in., and top and bottom 
plates 6 in. wide bv g in. thick, diagonal brace bars 3 x § in. ; at 
the intersection of the brace bars a cast-iron star 12 in. in diam. 
is riveted. 

Holding-down bolts, 4, 2 in. square and 14 ft. long. 

Capacity, 1,400,000 cubic feet. 

Two-lift Telescopic Gasholder. 
Diuneter, outer lift, 197 ft. 6 in. Depth, 36 ft. 

Diametery inner lift, 196 ft. Depth, 36 ft. 

Crown, un trussed, rise 10 ft. 

Roof sheets, centre plate iin. thick, 6 it. dAai.TEi!^\AkX\ T<y9« \^»tX. 
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6 X 3 X i in. angle-steel, all riveted' together with } in. and 

1 in. steel rivets, 4 in. pitch. 
Bottom curb, formed by a plate -fin. tlii(^, and 15 in. wide, seound 

at right angles to the lower rows of sheets toa6 x 3 X ^in. 

angle-iron with f in. rivets, 6) in^ pitch; another angle-i)x)n 0i. 

the same dimensions being placed 1 ft. 5 in. higher, forming a 

space in which are fixed the bottom' roller carriages. 
Vertical stays, 48, on lower and middle lifts are made of No. 10 B. 

wire gauge sheets bent in the form thns ^jTXmm 8x4^ in., riveted 

to the outside of the sheets, and on the inside opposite these are 

8 X 3J X i in. channel-irons, placed between two 4 x 3 x'l in. 
angle-irons, which are riveted through the sheets to the outside 

. stays. The top or inner lift is stiffened by No. 8 B. wire gauge 
' sheets of the game form as above, but are 12 X'9 in., placed 

iifside only. 
Standards, 24, in the form of tiie lettfer H, 20 X 16 in. and 158 ft. 

6 in. high above coping of tank, of wrought-iron formed of four 

9 X 3 X f in. an^le-irons g in; web plate, and i in. inside and- out- 
side plates, having 5 tiers of struts from standard to- standard, 

■ and 10 sets of diagonal braces. Two channel-irons 8 x 3 x ^ in. 
riveted fco each other back to back and to the standards form 
the guides upon which the radial and tangential rollers work ; 
the bottoms of standards are fastened to triangular shaped cast- 
iron base-plates, each secured to the tank with three 2^ in. bolts. 

Capacity, 5^ million cubic feet. 



THE GOVEBNOE. 



An unnecessarily high pressure of gas in the mains and service-pipes 
is synonymous with a heavy leakage account. 

Ordinary valves are powerless to effect the desired pressure regula- 
tion, however well they may be attended to. No gas-works, therefore, 
wh9>tover its size, should be without a governor to control the initial 
pressure. 

When properly constructed it accomplishes this important object 
"j^erfectly, however much the consumption on the one side and the 
density of tihe gas on the other may vary. 

The construction of the governor is of the most simple character, 
consisting of small cast-iron water-tank, through the bottom of which 
the gas from the regular holder enters and makes- its exit by means of 
a stand-pipe rising above* the water level. This pipe may be either 
annular or rectangular in form. In the former case the gas enters 
by way of the central opening, and makes its exit by the annular 
space. In the latter arrangement the pipe is divided in two by a mid- 
feather, one divisioh being the inlet and the other the- outlet for the 
gas ; the inlet division of the pipe occupying the central position in the 
tank. Within the tank is a floating bell or gasholder made of tinned 
sheet-iron, from the crown of which a conical or parabolic shaped valve 
is suspended by an eye-bolt. It is the raising and depressing of this 
valve within the inlet gas aperture, by reason of the gas pressing on 
aha inner surface of the floatmg bell, tnat accomplishes the necessan' 

' (Hie holder may he balanced or buoyed wp cither by means of an air 
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^cuTed to its orown 
. , natiiiK in a rod car- 

. ^ u *i the needed pressure being obtained 

ia^ng OBHt-iran or lend weighU on the orown of the holder ; or it 
be weighted with u-ater allowed to flow from a, feed pipe into • 
: formed bj continiiiDg the eides of the holder a few inohes above 
DTOwn. 'fhe method of woiriiting by water ia prefemble to tlia 
r, sa the preBBure isd be applied or removed in a more g^ndiuJ 
Her, the opening ia the supply and dieohorge taps being regnlttlod 

le Goniokl valve for increasing or diminiahing the ore* of the gaa 
taT« faOB generally given plooe to that in the form of a parabola ; 
latter requiring a shorter isnge to produce the neoessary e&eot, 
being more delicate and oertain in ita aation. Theporabola should 
lode twice its diameter in length, and of weight nnmcieut to reeist, 
ont OBcillation or blinking, whatever preasuni may be exerted 
iBt It by the inflowing gaa. With the like objeot it was formerly 
wary to moke the floating bell with an area 20 timen greater than 
trea of the base of the valve; bnt with the improvemantB efEeoted 
ovemoTH this is not now required^ and much leas spMje is now 
pied by tiie instroment. 
riona ooeidents have arisen from the escape ot gas by tlie tilting of 



mpTOTements have beea 



loating bell ; and, to obviate this danger, id 
)dnoed in the construetian of gotemors. 
le Governor of Messrs. J. and J. Bmddoob (Fig, 63 in seotion) will 
rwut has been done in thin direction. The gas enters fromabOTa 
the valve chamber. Over the valve, and 

^ Lsatinfc chamber within the b^,whtoti 

in snpplied with gas through a small 

pipe enclosing the valve rod, so placing 

the ball and valve in equilibrium. The 

bell is actuated by the outlet preasnre, 

through a small pipe attached to the 

,, ontlBt branch. It wfll thus be seen that 

Q if by ocoident the bell were tilted or 

'■> rent, the quantity ot gas escaping would 

, he limited to what would be diaobarged 

through the two small pipes referred to. 

Mr. F. W. Hartley introduces a safety 

and regulating plafe over the valve to 

eSeot the tame object, and he obtains 

compensation by means of a small Unk 

and holder plaoed alongside the governor, 

the holder being suspended from the 

' chain owrying the counterpoise weights. 

Mr. D. Bruoe Peebles employs the pres- 

F,Q. 62. BUM of the inlet gas, supplied through 

a small pipe having a, dry regulator fiied 

I it, to load the bell of the governor, which is enclosed in a gas- 

t case; and the only adjustment required is by means of small 

hta to the regulator. 

r. W. Cowan has introduced various improvements in governors, 
'hioh the adjusted pressure is maintained under all variatioua ol 
ght or changes at the inlet. Mr. Cowan boa &^ imBoXw^ w& 
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" Automatio PresBure Chuiger," a moet iDgeoiona inBtmineiit tor 
nisiuA (uid rednciog the pressure automatictuly at an? given time, 
thus ^BpenaiiiB with the attendant, except on extraordinary oocaaions^ 

Mr. C. Enut nas adapted the ordinary tbrottle-vatve to the purpose 
ot a goveiiiDr. By hia plan a holder acaroely larger in diameter than 
the main only ie required. Within the Bupply-main lending from the 
worlu to the street, the diso or throttle ia aooorately balanced on two 
mnall atsel oentres ; the lever or radios arm by which it is aotoated, 
being also inside the main, is attached to the centre of the diec. A 
small Terticsl pipe, oommimioating the holder with the main, serve* 
to enelOBB the connecting- pipe attached to the radius arm and to the 
crown ot the holder, and also conveys the gaa into the latter. By 
meai^ of this arrangement, a holder only 12} inches in diameter wiu 
aOtnateanS-inoh valve ; and one onJy 17 incheB diameter, an 16- inch valve. 

In winter time thr water In a governor tank is liable to freeze, 
partioularly if the house oontainins it is in an expoeed sitoation. A 
very efficient and simple remedy for this is provided by the steam 
stove. This is merely a cast-iron cylinder or pipe, in the form of a 
eatal, alt. 6in. to 3tt. in height, and 10 o- '■-•- '- " *-- 






ivine a base, and an ornamental l«p or oovering brightened by being 

ground and polished. The stove ia plaoed on end on the floor of the 
governor room, in any convenient piit, and a steam-pipe abont 1 ioob 
in diameter, with stop-cook, leadiog from (he boiler, is inserted through 
the bottom, in whioh is another stop-cook for letting ofi the water of 
oondensatiou. In time of frost, by means of this stove, the atmosphere 
of the room can be maintained at an equable tempentiire, at a mini- 
mnm expense. A piece of ordinary' caat-iron pipe can be adapted to 
Oie purpose; on the other hand, the stove is Busceptiblo of any 

Gas presBnre voiiee according to the elevation, iiicreosing and 
decreasmg at the rate ot about one-tenth of an inch fw each 10 1«et i^ 
rise and fail respectively. It is thus obvious that if the pressure in the 
lower maioB is sufficient, that in the higher m^Ds (asiainiiig them to 
l>e connected thronghout^ must be in exoaas. 
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For the supply of gas to varying levels, therefore, separate leading 
maiiiB, with a station governor upon eaoh, are highly advantageous, 
And should be employed wherever |Mracticable. 

District or differential governors for l^e automatic regulation of the 
p«re88ure in the mains at high altitudes oonsidorably removed from 
tlie gas works are also of tne utmost utility. These are produced 
Ixytb in the wet and dyy form by most makers of gas apparatus. 
Fitf. 68 shows the district governor made by Messrs. D. Bruce reebles 
ana Co. 

By doubling the amount of pressure, the consumption of gas is 
Increased by about one-half. Leakage from a pipe is of course in- 
creased in the same ratio, i.e. in the proportion of the square root of 
the pressure. 



MAIN PIPES. 

The leakage which arises in the distribution ol gas, is largely due to 
defeetive ana badly jointed main pipes. 

Hence it is of the first importance to ensure that the pipes employed 
for that purpose are made of a good quality of metal, close in texture, 
free from defects of every kind, and as equal as possible in their 
sectional thickness. 

To secure these three latter conditions, all pipes 6 inches internal 
diaineter and upwards should be oast vertically in dry sand moulds. 
Smaller sizes are usually cast in green sand in inclined moulds. 

The pipes should be tested by hydrostatic pressure equal to at least 
75 lbs. on the square inch (150 teet head of water), either at the place 
of manufacture or on the gas works; and whilst under pressure they 
should be smartly rapped with a 4 lb. hammer fiom end to end. This 
will often reveal faults, such as sandy, porous, and blown places, not 
otherwise discernible. 

Bapping the pipes whilst on the ground will also indicate their 
chflunacter. If the sound emitted is clear and bell like, the pipe may 
be eonsidered free from defects. On the other hand, if dull and leaden, 
it is cracked or otherwise imperfect. 

All pipes that do not stand the tests should be rejected. 

The metal of pipes, whilst compact and close, should not be exces- 
sivefy brittle and spUntry, but such as may be readily chipped and 
drilled. 

Cast-iron pipes below 8 in. diameter are 6 ft. long ; 8 in. to 11 in. 
diameter, 9 ft. long ; when 12 in. diameter and upwards they. mar be 
either 9 .ft. or 12 ft. longi The socket is not included in these lengths. 

It is usual to pay for any overweight in the pipes beyond the weight 
specified, not exceeding 4 per cent. 

Formula for calculatmg the weight of cast-iron pipes : — 

W=2-46p2-d2). 
Where D = outside diameter of pipe in inches. 
d = inside diameter of pipe in inches. 
W = weight of a lineal foot of pipe in lbs. 



166 



NEWBIGGING'S HANDBOOK FOR 



TABLE. 

GAST'lstom Gas Pipes, \fiTtt Oi>en Joints. 

Theiteight of the socket, and head on spigttt, is equal to 9-10#7r» of a 
lineal foot bf the pipe, and this is included' in the weights given. 



Internal 


Thickness of 


Length of - 
Sodcet, 


Length of Pipe, 


Weight per Pipe, 
indttsire of 


' BiameMrof 


Metal in Body of 


not- including 


Pipe. 


Pipe. 


inside measure. 


Socket. 


Spdket and Bead. 


Inches. 


IncheH. 


Inches. 


Feet. 


Cwts. qrs. lbs. 


1 


5-16ths 


2A 


6 


10 


^ 


5-16th8 


2* 


6 


1 10 


2 


5-16th8 


8 


6 


1 22 


^ 


8-8ths 


8 


6 


2 17 


8 


8-8ths 


8 


9 


1 11 


4 


8-8ths 


4 


9 


1 1 19 


5 


T'-ieths 


4 


9 


2 7 


6 


7-16th8 


4 


. 9 


2 1 21 


. 7. . 


. S-lOths 


4 . . 


.. . -9 


8 27 


8 


5-lOthB 


4 


9 


8 2 19 


9 


6-10th8 


M 


■ 


9 


4 11 


10 


g-ieths 


4 


\ 


9 


5 16 


11 


g-16ths 


4 


r 


9 


5 2 14 


•Id 


5^8th8 


4 




12 


; 8 8 16 


■•... w • 


. .6<8ths 


4 




12 


9 2 12 


14 


ar8ths 


^ 




12 


10 1 8 


16 


5-8thB 


4 




12 


11 4 


16 


ii-ieth8 


4 




12 


12 8 24 


W 


ii-ietiis 


4 


1 


12 


18 2 -24 


18 


1146th8 


4 




12 


14 2 


.'. If 


d<4ths . 


' 4 




12 


16 2. 94 


. ao 


8*4th8 


4J 




12 


17 2 8 


21 


8-4th8 


6 


12 


18 1 20 


:, 22 


18-16th8 


5 


12- 


20 8 20 


^ 


18-16ths 


5 


12 


21 8 8 


44 


7-8tbs 


5 


12 


24 ■ 2 8 


80 


1 


5 


12 • 


85 


86 


• U 


6 


12 


47 16 


42 


. if 


6 


.J2 


57 8 16 


48 


6 


12 

1 ■ 


69 2D 



For the. smaller sizes of pipes up to 8 in. diameter, the open jointin; 
Space is f in.', and for larger 'diamefters i in. wide all roand. Th 
following are the- usual depths of th& socket, inside measure, for tb 
yi^eus siz^s of opett-joint^ gas pipes, plugged with yarn atid l&ad :- 

Diameter. Depth o^f Sooket. 

Up to 3 incihes . 3 inches. 

4to 8 „ 4 „ 

9 to 20 „ 4i „ 

21 to oU ,, . ... ... • ....•.'. . .( • 5 „ 

32 „ and upward^ ..»,.... 6 „ 



GAS BNaSNBEBSi AND SfANAGERS. 



m 



TABLE. 

Cast-Ibok Qa» Pipes, with Tubned and Bokbd Jowts,' having a 

Bbobsb in Front fob Lead. 

The weight of the socket aiuL thickened spigot is eqtual to l^V lineal foot 
of the pipe, and this is included in the weights given. 



Internal 


Thickness of 


Length of 


Length of Pipe, 


Weight per Pipe, 
inclusive of Sodcet 


Diameter of 


Metal in Body of 


, Socket, 


not including 


Pipe. 


Pipe. 


inside measure. 


Hocket. 


and thickened spigut. 


Inches. 


Inchm. 


Inch#s. 


f OOT» 


Cwtfl. qrn. DM. 


1 


5-16tfa8 


ai 


6 


1 1 


^ . 


- 5-16th8 


6 


0.1 12 


. 2 


5-l6th8 


8 ' 


6 


1 24. 


^ 


8-8ths 


8 , 


6 


2 Id 


P 


8-8eh8 


8^ 


9 


1 e 14 


4 


S'Sths 


4; 


9 


1 1 22 


5 


7-16th8 


4\ 


9 


2 18 


6 


7-16th8 


*y* 


9 


2 1 27 


7 


5-lOtbB 


'9 


8 18 • 


8 


5-lOt.hH 






9 


8 8 , 


9 


5-10(hH 




I 1 


.9 


■ 4 28 


10 


9-16thB 






9 


g 1 


11 


9-16tti8 


4j 




9 


6 8 1 


12 


5-8thB 






12 


9 4 


18 


5-8thB 






12 


9 8 


14 


5-8thB 






12 


10 1 24 


15 


5-8«itui 


5? 


12 


U 24 


16 


ll-W»thH 


5 


12 


,18 16 


17 


IMOthB 


H 


: 


12 


18. 8 20 


: 18 


ll-16thH 


& 


) 


12 


14 2 24 


19 


3-UbM 


& 


i 


12 


16 8 24 


20 


8-4lhK 


6 




12 


17 8 18 


21 


8-4lh8 


5: 




12 


18' 2 24 


22 


18-16UI8 


& 


1 


12 


81 1 


: 28 


18<16thB 


5 




12 


.82 20 


24 


7-8th8 


& 




12 


84 8 24 


80 


1 


& 




12 


85 2 4 


86 : 


lith 


6 


12 


47: 8 16 


. 42.: 


ir 


6. 


12 


58 8 4 


48 . 


e. 


12 


70 2 8 



When the turned and bored joint, on being tested, is found gastight, 
it is not necessary to fill the recess with lead. The usual filling 
material adopted under such circumstances is Portland or Koman 
cement. These cements, if kneaded with warm water, set quickly ; with 
cold water not so soon. 
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Dimmitiont of the Sockets __, 
Ttatied and Bo-red Cail-Inni 
Got Pyiei, teith a Seeess i 
i!Vwt(. (Fig. M.) 



Hm-emiom of the Socla 
Turned and Bored Casi 
Oat Pipes iBitkoat a Bee 
Front. (Fig. B6.) 
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in oooling: Bhrinks one-eif^th ot an inch per loot. 
JUain Pipe Joinia. 

A host ot joints for mun pipei have lieen iDTented Irom time to 
time, which, tiiooKh theoreticallf good, have not all proved veiy mtiit- 
factory in praetioe. 

The ciaBBeB olioint generally in use ace the tumefl and bored, and 
the open joint. Tta ball and socket joint 1b employed under eicefitional 
drcramBtanoM, aa when the main haa to be laid in the b«d of a river or 
harbour, or aoroBH a, narrow arm of the eea. 

A difference ot opinion eiistB amonget ejigineers as to which fono of 
joint IB befit — the turned and hored, or the open joint filled with lead, 
mat cement or oilier Bubstauoe, metalliooi otherwiie. 

We, nho have had lazge experience in bath, and onder most circmn- 
atajwee, prefer the tamed and bored, botjt for ease in adjoabnent, 
eeoDomy, and efficiency. 
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In districts, however, where the gtoand is extensively ludermined 
and liable to fixU>sidence, the vulcanized india-rubber JMnt (which is 
virtually an open joint) is the most suitable. . , ■ 

Special pipes, such as bends, tees, and jmictiQna«flcye,ior convenience 
sake, made with-^^pen joints. 

The turned and bored joint is shown in Fig. 66. 




Fig. 66. 



There is no difficulty in swinging round ordinary curves with a line 
of mains jointed in this manner ; but when the radius of the curve is 
short, an occasional yarn and.leaid joint is required. 

In specifying for pipes wi^ these joints, care should be taken that 
the hored and turned surfaces are not made with iabo much taper ; 
indeed, the nearer the surfacies approach to p^urallel lines the better 
they wiU fit. 

'. When>laying the pipes, the spigot and socket ends, after being cleaned 
with cotton waste, are coated with thick paint composed of one part 
each White and red lead mixed with boiled linseed oil; the end is weii 
inserted, and driven home with a mallet, or should tile ^ipe be large, 
with a swing block. 

In driving the pipes, they will sometimes be found tQ-sjpring back at 
every stroke. This may be due either to the surfaces being made too 
conical, in which case it will be difficult to ensure a good joint; or 
there' is a slight ridge or roughness on the inner edge of the bored part 
of th^ socket. Chip this oft with a sharp chisel. i 

..Bed lead sets sooner and harder than white, and the following 
reas<m i^.^ven for preferring the white to the red for joints : — ^When 
an eiLpaaSion or contraction takes place in the pipes, the red lead is 
liable to >crack, and so cause a leiaJcage ; whereas the white lead is 
more tractable, and better adapts itself to the varying circumstances. 
An equal wiictui^e of the two is preferable. 

The socket may either be bored flush up to the face, as in Fig. 66, or 
it may have a recess in front, as in Figs. 64 and 66. The latter is to be 
rpreleihredy as it can be supplemented with lead or other filling should 
.thetumed joint proved dezectivev 

Two examples of the open joint are given in Figs. 67 and 68. 
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Fig. 67. 
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In pladnff tih« pipM, twined gMkst JR oaolked in all nnmd eo u to 
flu nesriyaut thelength ol theopeiiipBOe. A roll of Cough pUstio olay 
ia then p«ued raiind and pretscd again st the looket laoe, uid through 
«.Up ett ttie opper aide molteu lead ia ponnid til! tlte remaining epaAX 
ia-fllled. On the ]etA being rat up witii a blnnt o«ulkiiig tool and 
hananur the jalnt ii oomplste. 

The ladle shonld aontain Bufflcieiit|molten lead to fill the joint at 
□ne ponring, otherwia^.tbe ■ti}'"™"" <d tbe metal throughout will not 



pednesB, will fly when poured opon a 



Giut-lToti Maim 






iTni^rc^ 



10 1^ * 



I to 8 inoheit in diameter the lead is sssumed to be about 
ID i AndtqfteeBfl inches in diameterand upwards i-inchthlcji. 
_ , . Jaof lead, HWt aemeut and a mixtam oi baeiwas'SBA'tallow 
are lUed for jointing lOpiiiB. '^ Spenoe's metaJ " olao ie-au tfflcient sub- 
gtitnte, and its ooat is oonsiderabV less, 

Iran or Bust Cemmtt for Flange and Open Socfcef Jojnia. 
iringB, pounded fine ic 



otm 

9B parts fine iron borings. 
1 part flowers of solphnr, 
1 part sal atamoniiui. 
Ifix, and when reqnired lor use, dissolve in .boiling n 
Mment aets qniobly, 
H required to set slowly, (riiioh makes the better Joint- 
is? part* iron borings. 

1 part Howeni of sulphor, 

2 parts sal ammonisc. 

When required for use, mix with boiling water. 
Tlie iron boringa iwed lor making joints ahoi 
gtaaie and oil- 



inld be perfeotty free from 
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The cnbicai content of the jcdnt in inehes, divided by 6, gives the 
weight in lbs. of iron eement required. 

^]^ indift-rabber joint (Fig. 69) is formed by passing a Tnlcamzed 
ring of that material round the spigot end of thepipe, which isspeaiaUy 
oast witii a groove and bead to suit this description of joint. When the 
pipe end is pushed forward into the socket, the ring is compressed or 




Fig. 69. 

flattened, and butts against the raised bead. No other packing is 
necessary, so that it is an expeditious method of jointing, whilst the 
vulcanized india-rubber, unaTOcted by the presence of gas or moisture, 
is jraactically indestructible. 

The other advantages of litis joint are referred to above. 

The ball and socket joint is shown in Fig. 70. This particular form 
is the invention of Mr. J. 2. Kay, and has been successfully emnloyed 
for main pipes crossing through rivers and harbours where the ordinary 





Fig. 70. 



Fig. 71. 



rigid joint is inapplicable. The lead is first run in and caulked, and 
the connected pipes, being like a chain, can be paid out of a lighter, or 
other vessel, wnen they will find their own bed m the river bottom. 

The expansion joint (Fig. 71) is us^ul in all cases where a line of 
main is exposed to varying temperatures, as in pipes placed against a 
wall or alongside a bridge, or in an open trench or channel. 

Millboard or engine board, steeped for a few seconds in warm water 
to render it pliable, and coated with red or white lead, is superior to 
cement for attaching flanged pipes, blank flanges, lids, and manhole 
covers. It makes a better and more durable joint. 

A combination of asbestos and india-rubber woven sheeting makes 
a superior flange joint, especially for steam purposes, as they resist 
both heat and moisture. To prevent adhesion to the iron (in the ease 
of blank flange and manhole joints that require to be frequently broken), 
the flange should be rubbed over with powdered black lead before 
placing the cover. 

MetaUio rings are commonly used for flange joints. These are best 

made with i-inoh or |-inch lead pipe, wvtYi thA ends soldered evenly 

tqg^etlier; the ring is then covered witVv fLwL, wA 'w^SiX ^mwNwdLNsnfii^ 
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red lead or paint. The pipe mnst not be beaten flat, but left round, so 
that when the K^int is screwed up it may bed into any irrenfularitieR in- 
the surfaces. The remaining space between the flanges is filled with 
rust or other cement. 

Flange pipes oan be jointed without the interposition of any paoking- 
mateziu, oy having tne flanges faced in a lathe. In such case the 
surfaces are merely Ooated with white lead paint, and the joint 
ti^tened up. 

Bolts used for jointing flanges, &c., should have a gummet of flax or 
tow, smeared with red or white lead, placed round their neok to bed 
under the head when screwed up. 

Red and white lead should always be mixed with boiled linseed oil. 
Other oil can be made to answer, but not nearly so well. 

TJte Laying of Main Pipes. 

. Special care is needed in the laying of main pipes. As a general rule 
the covering of soil over them should be at least 21 inches deep^ to 
protect them from the influences of heavy traffic and low and varying 
temperatures. 

Tne excavation to receive the pipes should not be unnecessarily wide, 
as the less fllUng up that is re([uired the better, not to mention the 
saving in cost. 

The bottom of the trench on wliich the pipes rest should be even and 
firm, and if not so, then thoroughly consoudated by punning. The soil 
should be scooped out at the various points in the trench bottom, where 
the sockets come, so that the body of the pipe may he solid throughout 
its length. In cases where this cannot well be done resort may be had 
to underpinnjng. 

Each p]pe should be laid with the prober inclination or fall, and 
securely jomted; all joints being proved either with gas or air under 
high pressure whilst the trench is open. 

In refiUing the trench, the soil should be shovelled in in layers, and 
rammed firmly and equally all round and above the pipes. 

Gas pipes should be free from excrescences, and moderately smooth 
on their inner surface. 

They are better not coated internally with any kind of mixture 
soluble in naphtha or other hydrocarbon liquid. Such coating is soon 
dissolved by the gas, and drains partially away into the drip wells, the 
residue collecting into small viscid masses at different points, princi- 
pally near to the joints. The coating can only be intended to reduce 
motion by rendering the surface smooth for the passage of the gajs, 
because as a preservative to the iron, internally, it is not required. Its 
effect is to impede the flow. The slight deposit which takes place from 
the gas alone soon gives the metal a smootn coating. These objection s 
do not, of course, apply to the internal coating o| water pipes. 

It is only for appearance sake, as a rule, that a covering of this 
descriptioa can be recommended for the outside of pipes. It often 
serves only to hide defects in the casting. 

The reddish-brown oxide covering which cast'iron pipes acquire in a 
short time, when laid in ordinary soil, is one of the best preservatives 
of the metal. Tins covering is impervious to moisture, its effect being 
to arrest f turther corrosive action. 

There are, however, circumstances where it is desirable and neces- 
sary to coat pipes externally, as, for example, when they are to be laid 
in soils intermixed with engine ashes, fumiBAe «\a8..,'s\\xS&»Qk c^^Q&ssr)^^ 
clinker, dross, soorim, or chemical refuse ot any^^. 
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ForthBrmore, Hie pipd in sush cueB should be carefoU; embadded 
in good oomDum aoU obtained for that par|>ciBe, or pnddled round wltii 
<l»jy — «Hpeoi»U]r pK^flotiiig tlis opper side with a tliick cavering. 

It iB woraethan nBelessto place clay only iiinlemeath ttie pipe; when 
so placed, it teme to reoaiTe and retain the mter, which, penioUitiiiK 
througL the malerial {onning the ground, is charged with acid biant 

R hides and other deleteriooa compounds. The metal oi the pipe thus 
.ring, ss it were, in a bath of acidnloaa liquid, is destroyed sooner tiiaii 

it wuuld be il no olay were present. Tbe protection aSoided by tdif 

«lay Hhould theieioTe be complete, all round the pipe, and particularly 

over its upper aurfaoe. 
Gas pipes laid through arable land do it no harm, bnt rather good, 

inasmuch as they help to drain the laud. The joints should be p^lect 

however, as the escape of gas is fatal to vegetable life- 
Mains in level ground should be laid with a slight inclination, say 

1 foot in 400 yar&, and at each lowest point a syphon or drip-well 

(Fig. 72) of oast-iron, should be placed underneath, and oonnected by ■ 



JSi 



i^sl 




tube to the pipe to receive the liquid arising from c 
form of Bjjihon, with nookets to receive Oie me 
Fig. T3. In all ca<es where a main dips, a sypb 
place where the dip is reversed. 
"" " " — ir from these receptacles is pumped I 



m. Anotlier 

lired at tlif 



....__ ^ ^ — . it perod[oallj into a 

cask on wheels, and deposited in the tar-wellon the gasworks. 

In laying down mams in lieu of others of a smaUer siae, the dif- 
ference in valne between the two sizes of pipes only should be charged 

Appliance! lued in Mainlaying. 
In beginning to lay an extensive length of main-pipea oonaiderable 
delay, and consequent loss, is often eiperienoed at flret, owing t« a 
want of foresight in proTiding beforehand the necessary men, tools, 
and other appliancee required. The following is an enumeration of 
what it is necessary should be provided, varying according to tile 
peculiarities of the district and the extent of the work to be done:— 



it and the e: 
ir two skilled main-layem. 
A number of labourers, according tc 



. „ __ , jtof the wi 

._ , and bis labourer. A night watchman.. 

A pick and spade (knd a tool, if clay) lor each labooTBr. 
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A supply of pjkiks, pick-handlea, and wodges should be kept in stock, 
to replAoe broken ones. 
A screen for separating stones and soil. 

Shear-legs or tripod ; or, what is better, if the mains are of large 
ditaneter, a movable pipe-layer, snpported on wheels, running on raus 
laid alongside of the trench. 
Blocks, tackle, and ropes or chain. 
A chain or clip to encircle the pipes. 
Bight hand-spikes of wood, for moving tlie pipes about. 
Two pieces of 2 or 3-inch wrought-iron tube (according to the size of 
main), on which to roll the pipe previous to lowering it to its place in 
the trench. 
Two or four long iron bars, and two short on«H. 
Two planks for long and strong leverage. 
Bed lead, mixed up with boiled oil, if turned and bored joints. 
Some cotton waste and old cards to clean the joints, if turned and bored. 
A supply of spun yam and lead, if open joints. 
A wooden mallet for driving small bored and turned pipes. 
Two or four otA. blocks, strdngtheued with bolts or noops, to lay 

against the pipe-sockets when driving. 
A 8 or 4-inch cast-iron pipe, to swing witli a rope or chain from 
centre of shear-legs when driving, or a wooden swing block if 
p referred, 
Wood plugs for the various sizeK of pipes and branches. 
India-rubber cloth bags for plugging the mains. (See Fig. 74.) 

A lead pot and two ladles. 
Chisels and caulking tools. 
Some tarred rope, for trying the joints and 
pipes. 

A coke fire-grate, for melting the lead and 
for use by the night watchman. 

Three setts, with handles, for cutting any 
pipes required. 
Two large hammers and three smaller ones. 
Fig. 74. Screwing tackle. 

Some fine flax for indi£Eerent joints. 
A few casks of cement. 

A bogie, or hand-drag, and two or three hand-barrows. 
Portable bench, with vice attached. 
Covered hand-cart, under lock and key. 

A supjdy of good soil for bedding the pipes, and to prevent the con- 
tact of ashes, if such should be present in the cutting. 
A spirit-level, and a straight-edge 10 or 12 feet long. 
•A supply of planking to cover up any part of -the trench temporarily. 

.A l^ox/orjJIie. night watchman. 

Two red. signal lamps to warn passengers of tlie open trench during 

■ * the daj?K nours. 

Two Btandirmpes, for the signal-lights. 

A^paraftus for proving the mains for leakage before filling up the 

trench, 
liook up beforehand what bends, tees, thimbles, flanges, drip-weHs, 
and ot^er special, castings will be required in the coarse of the 
work, and.have them in readiness when needed. 
In enlarging or replacing pipes, many services require to be coupled 
up 9ud renewed, and in that case service-layers and tools should be got 
Deady. • ' 
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s n 

» 10 

■i-i fi 
aa 11 

11 

117 s 
as J 

SU 1 
29 10 
80 S 

Ij 
SI 

ii 

asm 

«» 9 


IS 10 

ai) e 
an 7 

a? -i 

37 K 

33 
33 8 

80 4 
30 10 

82 9 
82 7 


5 7 

fl 1 

B 7 

30 a 

30 e 

33 A 

28 

Mil 

2B a 

38 1 

IJ 

80 i 
98 1 

ii l( 

i3 H 


u'7 

IB G 

i'i 

i; 

so B 

|;i 

23 a 

ii 

2B e 

27 10 

28 3 

9) B 

■no 1 

80 7 
SI B 
32 6 

35 i 

!!! 

8A D 

SB r 
Jl ( 


20 4 

22 6 
■X H 

87 7 

in s 
,» 1. 


8. d. 

MIO 

25 B 
27 7 

31 B 

S8 11 

.IB 
86 7 

3« 3 
88 H 

Win 


Vi 

18 B 
18 11 

30 
80 1 

38 1 

3a * 

38 3 
3S H 

31 8 

IJ 

3a I 

3B 10 
37 6 

3ft n 

M 
29 G 

i! 

m 8 

as 3 

.18 H 

BGIO 

|.: 

N 

40 
W I 

43 3 
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ao. 


a. 


a^. 


CUssot JoinL. 


OpKn.'TAB.jPliiKC 


Open. T.&B. Flnife 


Opeu.lT.*B. 


Weight pr. yd. inlbs 


jw SOD m 


616 684 1 640 


S86 1 6B6 . 


4ia « '.', 

7 17 6 " 

8 17 « ',', 

9ia 8 ;; 
10 16 ;; 


i' 

1 

11 

83 S 

11 

38 S 

11 

43 1( 

!■! 

4S 1 


|i 

IJ 
a; 

if 

11 

31) 1 

|J 

!'■ 
11 

38 ( 

M 1 
89 1 

«l I 

*) f 
4(1 I 


9. d. 

!l 

ao e 
ai 

|S 

as V 
ST a 

as I 
ill 11 

iUI 5 
81 

ii 

88 S 

sJ 

40 6 
40 11 

II 
II 

49 l( 


11 

i I 

■2& 4 

asi 

i 

|j 
11 

ii 

is 

S9 3 
39 

S. 

43 (1 
48 g 


:9 11|1B S 

ill J 

at E^ ^ 

i'.i I 
i 'iH 

»■ I* ; 

i'li 

as s7 t 

i 'ii 

i'iii 

I'll 
ill 
lll'i 


31 7 

SO 3 
40 B 

43 a 


M 3 

as 11 
a7U 

so a 

40 6 

4B a 

43 10 
ib 3 
iC 6 

io a 

49 10 

61 1 
63 9 
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'"^5:^4?*<S'JL^L 


i'miriirj'iiil;^ 


Iran .v.,i.. 1. 
Ton. a'"l^- 


:,X 


-an, a4 


and so Incitfx 

ao. 




SS. 


Opeii.T.iB.'FlngS 




CUMOfTpint. 


Clp«,.T.«a;l-'lnB. 


Opan. ,T.iB 


FlosL- 


■Wwgh.pr.yd,mlb. 


SU ' «it ' AlA 


«« BBS 89a 


9«l 


»95 


9tn 














'1 iYt 

4 la H i; 

n G II 
la <i II 

5 n II 
10 
IS n 

11 „ 

u II 


95 a' an » an a 
as 11 as 4 «G 1 
SB T a7 « 10 

w 4 M in S " 

BO BO A Hft B 

84 u sa 4 as 1 

s's'lii'! 

M 10 B3 B W) 1 
40 B 4U 11 40 5 

48 4 47 1 40 9 
47 47 10 47 E 

in fi 49 8 48 10 

40 1 4u 11 4u a 

40 M 7 60 a 

m files e.AO u 


ar, 4 ac 
»8 n as 10 

sa » 8a n 

U.1 H at 4 

an I'se e 

BH 11 i 40 7 

48 ta 1 

44 fl 4.') « 

i iiiii 
Sill 4 

B? 7iS ; 

AO B Al f 

Bl 6,83 5 

on UIB7 1 

70 S 71 9 
7« 8 74 U 


a.'i A 

i': 

68 1 
flu 7 


37 a 

89 1 

an g 

59 1 

00 a 
Ba 5 

64 fl 
05 7 

BH 11 
8» 1 

m s 
87 e 

96 a 

,00 T 


8>i 8 
87 B 
38 10 

46 8 

w a 
M e 

71 

is 

7UU 

91 
97 9 
fift 1 


aa 4 
m H 

4110 

4B a 

48 5 

1: 

W 7 
OS 

!? 

74 11 

70 

7B 4 

ga 6 
99 a 
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fla' Pipfi. m. 42, nful 4S i>ir\<'. 



Di..,«er™l=ah«, 


». 


t» 




A 




i;hi»»of Toini 


Ope..|T^B 


Fliige 


Opru.T.a B.iFlnge 


Op™. 


T.*B.lping.! 


WriBhtpr.jd.inlbB 


laM 1 1S41 


13M 


im. 1 1™ 1 ira 


1946 


1978 196! 


Co>n par jBtd nt 
£t n yet toil. 

ttlT H '.'. 
HIO D '^ 

10 " 


47 a 

67 
SB 

i 

7« 

fl2 10 
» 

W 1 
107 7 

Li 

18 I 

38 > 


H. a. 

47 11 

m B 

68 1( 

S« 

sail 

1;; 

BO lu 

§6 lU 
9H 4 
80 » 

D8 R 

S! 

oa 8 
OT i 

19 i 

vi a 
as a 

38 s 
SI s 

4a 1 


40 
Ml 

Wli 

88 i 
72 ! 

H8 1 

B9 6 

;3i 


69 8 BO ' 
BH l' B4 ■ 

sis J 

70 7 71 1 
78 0. 77 i 

ilsi 

S !«'! 

« ii;io6 f 

si ii-i 
ii! is i 

lis ii,iai s 
lai siaa i 
las uim 11 

lax «!i!in 6 
ISO Hisa 1 

188 1(1 isf; 11 

ii ;'!8 i 
lii'i 


!■: 

w \ 

K I 

sail 
31 : 

oBi; 

07 ( 

^ i 
iS8i: 

lis 1 

iS,i 

m ( 

ii 


6s a 

71 8 
99 11 

1B8 10 
147 H 

fiO S 

17H 1 
1B9 1D 


73 (1 
88 10 

iw 3 

lOB 8 
1»0 1 

i'i 

14B 7 

IBS 9 
IflO 11 

ii 

178 E 


t\ 

76 7 
Ta 9 

Bii 
.on 8 

'in 1 

39 i 

SB 8 
OTll 

.67 7 

60 g 

86 1 

7S I 

i: 



GAS ENGINEERS AND MANAGERS. 



187 



TABLES 

Of the Discharge of Gaa^ in Cubic Feet per Hour, ih rough Pipes of 
various Diameters and Lengths, at different Pressures. 

By Thomab G. Baklow. Extended by Thomas Newbiooin(». 

{The tpeeiHe gravity of the gas U taken at 0*4, air being 1.) 

The tables are calculated according to the formula given by Professor 
*ote in his valuable article* "On the Motion of Fluids in Pipes," 



iz. : — 



Q =: quantity of gas in cubic feet per hour. 

I =: length of pipe in yards. 

d ^ diameter of pipe in inches. 

// ^ pressure in inches of water. 

H ^ specific gravity of gas, atmoHphrric air being 1. 



Q = 1350 d'^ 



I 



-i.e., multiply the i)res8ure in inches of water by the diameter of the 
»ipe/alHO in inches. Divide the product by the 8i)ocific gravity of thr 
:a8 multiplied by the length of the pipe in yards. Extract the square 
oot of the quotient, which root, multiplied by the constant quantit>' 
350, and the square of the diameter of the pipe in inches, gives the 
lumber of cubic feet discharged in one hour. 

Example. — It is required to find the number of cubic feet of gas of 
he specific gravity of 0*400, which will be discharged in one hour 
rom a pipe 8 inches in diameter, and 1260 yards in length, under a 
•ressure of IS-lOths, or IJ-inches head of water. 

Thusr-(;i fZ) = 8 X 1-6 = 12. 



(" 



1360^ 



( \/ h d 12 \ 

I V "^ i ^^ -4 X 1266/ ^ *^^'^' *^® square root being = '1649. 

V ~j\ = 1360 X 64 X -1549 = 13,383 cubic feet = Q. 
Diameter of Pipe, 0'5 Inch. 



.nngthin 


yards 


10. 


20. 


80. 


50. 


75. 


Quantity 


delivered 






1 






ithO-lin 


. pressure 


87-7 


26-7 


21-7 : 


16-8 


13-8 


0*2 


)t 


58 -4 


87-7 


80-6 . 


28-8 


19-5 


0*8 


«> 


65-2 


46-8 


87-7 : 


29-1 


28-8 


0*4 


>i 


75-2 


58-8 


48-2 > 


88*7 


27-5 


0*5 


)» 


84-8 


59-4 


48-6 ; 


37-4 


80-7 


0*6 


t« 


92-1 


65-1 


58-8 


411 


88-7 


0*8 


t« 


106-7 


75-4 


61-4 


47-5 


88-8 


1*0 


It 


1191 


84*8 


68-8 = 


58-8 


48-2 


1-2 


M 


180-6 


92-1 


75-2 ' 


58-8 


47-5 


1-5 


„ 


14B-1 


108-2 


84*8 


65- 1 


58-8 


1-8 


,1 


159-9 


118*0 


921 


71*5 


58-8 


2-0 


«« 


168-7 


1191 


97*2 ' 


75-2 


61-4 


2-5 


l« 


188-6 


183-8 


108-6 


H4-8 


68-8 



100. 


150. 


U-9 


9-7 


16-8 


18-8 


20-7 


16-8 


28-8 


19*5 


26- 7 


21-7 


29-0 


28-8 


88-7 


27*4 


87-7 


80-8 


411 


88-7 


45-9 


87-8 


50-6 


41*1 


68-8 


48-5 


50*4 


48-0 
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Length in yards 



Quantity delivered 


\vithO-lin, 


pressure 


0-2 




0-3 




0-4 




0-5 




0-6 




0-8 




1-0 




1-2 




1-5 




1-8 




20 




2-5 





Diameter of Pipe, 0*76 Inch. 



10. 


20. 


80. 


50. 


75. 


100. 


150. 


104-3 


78-8 


600 


46-6 


37-9 


32-9 


26-9 


147-5 


104-8 


84-9 


65-8 


53-7 


46-6 


37-9 


179-9 


126-8 


104-8 


80-9 


65-8 


57 


46-6 


207-8 ; 


148-5 


119-9 


93-2 


76-9 


65-8 


58-8 


282-8 


164-0 


188-6 


103-2 


84-2 


73-8 


60-0 


254-8 


179-9 


146-5 


113-9 


92-6 


79-7 


65-8 


298-8 , 


207-8 


169-8 


181-8 


107-0 


92-6 


75-9 


328-8 


282-8 


189-8 


146-5 


119-9 


103-2 


84-2 


859-9 


254-3 


207-3 


160-9 


131-3 


113-9 


92-6 


402*4 


284-0 


232-8 


179-9 


146-5 


126-8 


103-2 


4411 


811-3 


254-3 


192-2 


160-9 


188-9 


118-9 


464-7 


828-8 


268-0 


207-3 


169-8 


146-5 


119-9 


519-4 


367-5 


299-9 


282-2 


189-8 


164-0 


183-6 



Diameter of Pipe, 1 Inch. 



Length in yards 



10. 



Quantity delivered 




with 0-1 in. 


pressure 


214-0 


0-2 


11 


802-0 


0-8 


>t 


868-5 


0-4 


yy 


426-6 


0-5 


• » 


476-5 


0-6 


» 


522-4 


0-8 


M 


608*4 


1-0 


»> 


675-0 


1-2 


«) 


788-4 


1-5 


I) 


826-2 


1-8 


t» 


904-5 


2-0 


» 


954-4 


2-5 


»> 


1066-5 



20. 



151-0 

214-0 

260-5 

301-0 

887 

868- 

426-6 

476-5 

622 

584- 

639 

675-0 

754-6 



•5 
•6 



•4 
•5 
•9 



80. 



I 



124-0 
175-0 
214-0 
245-7 
2740 
801-0 
348-3 
388-8 
426-6 
476-5 
522-4 
550-8 
615-6 



50. 



95-0 
185-0 
165-0 
190-0 
218-8 
283-5 
270-0 
301-0 



829-4 
368-5 
405-0 
426-6 
476-5 



75. 100. 



78-0 
110 
135-0 
156-0 
172-8 
190-8 
220-0 
245-7 
270-0 
301-0 
829-4 [ 
848-3 
388-8 



67 

95 
117 
135-0 
151 
164-7 
190-3 
213-3 
283-5 
260-5 
286-2 
8010 
837-6 



150. 



56-0 
78-0 
95-0 
110-0 
128-0 
I860 
156-2 
172-8 
190-8 
218-8 
283-5 
245*7 
2740 



Diameter of Pipe, 1-25 Inches. 



Length in yards 

Quantity delivered 

with • 1 in. pressure 

0-2 



0-8 
0-4 
0-6 
0-6 
0-8 
10 
1-2 
1-5 
1-8 
20 
2-5 



•I 






>» 



>» 



26. 



»» 



236 
333 
407' 
470 
527 
575' 
666 
744 
816 
913 
999 
1054 
1179 






^ 

8 ! 

8 
5 
6 I 

8 ! 

8 ; 

8 

6 , 
1 



50. 



167 

286-0 

289-0 

838-2 

871-2 

407-1 

470-3 

527-3 

575 

645 

706 

744 -H 

888-2 



76. 



1870 
192-0 
236-0 
272-1 
803-7 
338-2 
888-9 
480-3 
470-3 
527-3 
575-8 
607-5 
679*2 



100. 



118-0 
167-0 
205-0 
286-0 
263-6 
286*8 
388-2 
371-2 
4071 
455-6 
499-9 
527-3 
588-5 



150. 



960 
137-0 
167-0 
192-0 
215-1 
235-8 



272 
803 
833 
871 
407 
430 



1 
7 
2 
2 
1 
3 



480-9 



200. 



840 
1180 
144-0 
167 
187*0 
208-9 
285-8 
268-6 
286-8 
322 7 
352-2 
371-2 
415-5 



800. 



68-0 
96-0 
118-0 
187-0 
152-0 
166-6 
192-3 
215-1 
285-8 
268-6 
286-8 
308-7 
889-6 
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Diameter of Fipe^ 1*6 Inches. 



ength in yards 

hiantity delivered . 

itb 0* 1 in. pressure ! 

0-2 



8 

4 
5 
6 



0-8 



1- 
1" 
!• 
1" 



2-0 
2-5 



»» 






n 



1} 



»» 



>> 



25. 



874- 

528- 

648-9 

7411 

829*2 

911-2 

1050-9 

1175-5 

1287-9 

1489 

1576 

1661 



7 
4 

5 
1858-9 



50. 


75. 


100. 


150. 


264-0 


216-0 


1870 


152-0 


874-0 


804-0 


264-0 


215-0 


4580 


8740 


8-22-0 


264-0 


525-4 


428-2 


874-0 


804-0 


586-2 


479-9 


418- 1 


889-5 


648-9 


525-4 


455-6 


870-5 


741-1 


607-5 


525-4 


428-2 


829-2 


677-8 


686-2 


479-9 


911-2 


741-1 


648-9 


525-4 


1017-6 


829-2 


719-8 


586-2 


1114-7 


911-2 


789-1 


648-9 


1175-6 


959-8 


829-2 


677-8 


1315-2 


1072-2 


929-4 


759-8 



200. 



182-0 
187-0 
229-0 
264-0 
295-0 
821-9 
870-5 
418-1 
455-6 
507-2 
556-8 
586-2 
656-1 



800. 



107 
152-0 
187-0 
216-0 



289-0 



261' 

808- 

889- 

870- 

418- 

455-6 

479-9 

584-6 



•2 
•7 
•6 
•5 
•1 



Diameter of Pipe, 2 Inches. 



length in yards 

Quantity delivered 

ith 0* 1 in. pressure 

0-2 



0-8 



0- 

0' 



0-8 



1 
1 
1 
1 



2-0 
2-5 



»> 






» 






» 



50. 


75. 


100. 


540 


441 


881 


768 


623 


540 


984 


768 


665 


1080 


880 


761 


1204 


988 


858 


1818 


1080 


984 


1528 


1242 


1080 


1706 


1893 


1204 


1868 


1528 


1818 


2090 


1706 


1474 


2290 


1868 


1620 


2414 


1971 


1706 


2700 


2203 


1906 



150. 



311 

441 

540 

628 

697 

761 

880 

988 

1080 

1204 

1818 

1898 

1555 



200. 


300. 


270 


220 


881 


811 


468 


881 


540 


441 


604 


492 


659 


540 


761 


621 


858 


697 


984 


761 


1042 


858 


1145 


984 


1204 


983 


1350 


1102 



500. 



170 
241 
296 
341 
881 
416 
481 
640 
589 
659 
724 
761 
858 



Diameter of Pipe, 2*5 Inches. 



iiength in 


yards 


50. 


Quantity delivered 




rlthO-lin 


. pressure 


943 


0-2 


» 


1335 


08 


)« 


1628 


0-4 


11 


1882 


0-5 


>« 


2109 


0-6 


»« 


2303 


0-8 


»« 


2666 


10 


If 


2978 


1-2 


>9 


3265 


1-6 


>« 


3653 


1-8 


•« 


3999 


2-0 


?l 


4219 


2-6 


• * 


4717 



75. 



100. 



150. 



770 


667 


1090 


943 


1335 


1172 


1540 


1338 


1721 


1485 


1882 


1628 


2177 


1882 


2430 


2109 


2666 


2803 


i 2978 


2582 


; 8265 


2827 


3448 


2978 


3848 


3338 



545 
770 
943 
1090 
1215 
1338 
1540 
1721 
1882 
2109 
2808 
2480 
2717 



200. 


800. 


500. 


471 


885 


298 


667 


545 


421 


819 


667 


516 


943 


770 


596 


1055 


861 


667 


1148 


943 


781 


1333 


1088 


844 


1485 


1215 


943 


1628 


1833 


1029 


1828 


1485 


1148 


2000 


1628 


1266 


2109 


1721 


1333 


2854 


1924 


1485 
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Diameter of Pipe, 3 Inchet. 



Length In jTMds. . 


m 


160. 


aso. ! 


saa. 


760. 


1000. laea 


QoMiUtT delivered 






. 


471 


SH 






















































































































































































as 






&3H 1 


t/m 


1*M 


i^a 





LsDBlh in jardi,. lOO, 


jfia 


sua 


760. 


lOOO. 


1^60. 


laoo. 


*S 




i.sse 


gda 




«m 


611 


«n 
























































































































































































4,817 


a,flsi 









Diameter of Pip^t 5 Inches. 



Length tajatdB. . 


1,«. 


^, 


600. 


7M. 


lOOO. j ia«. 


1600. 


X-S'^n^re-r. 




3.ai5 


1,E« 


1,«S 

















































































































































































1U,6G6 


1,S2G 


6,113 








fl'i „ 










1,,1MU 


1,W 
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Diameter of Pipe, 8 Iitehet. 



Langthlnjud.. 


.j ». 


500, 


,«. 


.m 


■« 


i™. 


™. 
















































































































































































































































B'S 



















Dia 


Heter,.fPi'pe,l I,ie}oei 








I*«gthil.,«d=, . 


^. 


^ 75a i looa 


1*50, ■ 1600. 1750. 
























































































































































































otIbsi 


iB^ lS,iM2 


1S3)W 


law 


11,293 





Oiaiiteteriif Pipe, Slnchn. 



Qdanllty deUvorad 
withO-lfn.pCBMIire 


io!sio 


6,470 






i6,sai 


10fl*l 




























































S-E 









»,1A« <t,9-J0 



S,940 8,1«0 
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:r of Pipe, 9 iTKhet, 



Laugtb Id yards. 
Ooantftj daliTete. 

HltbO-llD.preBBIU. 



IKflUO lil,7W 10,400 



90.867 1IS,398 



B,aoo 


i.eso 


Sooo 1 








ll,tM) 


loltoo 






is'ioo 
















a ,011 


















asgiB 




a,io6; 



Length in jsrils. . 


=00. 


160. 


IflOO 


laso. 


iBon. 


ITBO. 


9000, 


yaantilv deUvered 
wllhO-lbi.pFessuce 


















ti/ta 1 M>io 








































































S3,3iS 


19,130 


1I1.6O0 












































































































88,880 






27.M0 







B-o/i^jje, la Jficfte*. 



IjengtbinyMdi. . 


BOO. 1 ,m ■ 1000. 


liBft 16l». 


„». 1 »,. 


Qaantily a-Uvtiti 












































































































































































































--^ 










37.619 
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Dia/nctft afPipe. 14 Infket. 






.Wth In TOtd., . 


««. 1 7.:o. ' ^<m. 


im j im 


n«. 


awo. 


lunHty dellTered 


■3.ii;nl KKKi 


IB.«nn 


is.Br* 


nrn 


iijno 




































































































































































88,788 




MA)1 



Diameter ufPipc. 15 I/(nfte». 



«D(thlnyara8, . 


.», 1 - 


■™. ! .» 


15C0. 


,750. ! 8000. 


kuBtity delivered 


^,. 


„- 


IS,MIO 


111.WI0 


15,300 




























































U.800 




gtlooo 

































































































































Diamtter of Pipe, 16 Ineliea. 



■ength in Tiird*. , 


GOO. 


7». 


1000. 1 i^. 


1600. 


I76U. 1 H»0. 


4lliO'l<ii.preE>Buie 


31/100 


aiaso 


M,aBO 


IBJ^SO 


n.8B0 


lB.BfiO 


iBAno 








































































































































































































■ 


E 


161,488 
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Diameter of Pip«, 18 Incha. 



i.™gth to s«a.. 


. EM. 


750. ; 


,«a 


1«». 


SOTO. 


3600. 


SOOI. 


















































































































































































































a-6 „ 










mm 


M,T38 





Diameier of Pipe, WInckn, 



XiDDglbiuyiuaa. 




«. 


750. 


1000. 


im 


-■ 


^, 


3000. 






iiooo' 


(w-m 


31200 




34 300 


2a,oiii> 






































































































































































































a-B 





















DiameUrofPip»,^Inc:hot. 






IiengUi injuds. . £00. ISO. 


1000. iiKW. aooo. 


aaoa 


8000. 


Quimtityaclliflteil 






















































f! 




\ f 'ii 71 


88.600 
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Diameter of Pipe, 24 Inehei. 



01,000 <ia,<ioo sa,soa 4e,EA0 diiO0o| stjwi 

iiB.noi) 07,000 »i,(Kn etseoo g9,cod ssaw 

t4v>oa itD,<iua 103,000 bijkw ts.toi) cs.aon 

U8.0O0 lar.aoo iis/ioa njMw 81,000 ir.oou 

1B7,MI0 lBfi,llO0 iaB,000 108,600 88,800 84,000 

306,B0S ISBJIIH] 14E,0CQ lUJKM) 108,000 1 93,000 

SW.SOO lOM^S 168,(100 187,900 lig,D0U 100,000 ' 

'360,019 [ ain.ass ihi.tsi ieg.ooo i3E,iiDa ii9,doo| i 

iSJ,7ia I KKKOOO aOSJISH 170,(101 1U,D00 131,114 ' 1 

839,703 288,019 388^80 1 ' "" I"-—- ' 

Sflo.Bool 891,710 ssBjuia a 

380,010 SUflJO I 2C9JJ19 i 

ia5,lH7' ailJiST' 300,031 a 



w.ioa I iei,ess iie,Dfla 



Diameter of Pipe, 36 Inche». 



aOOO. SGDO. 8000. I 1000. 



Qnantil; dBliTered 



) 311,000 aie, 
I B6S,flB8 ■"" 



9S,3H 

■dim 



I07.aa7 

177,800 

aioioDO 
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Diaiiietei- of Ftpe, SO Inchaa. 



aoon uoo sooa. tsoo. loooo 



^•^J-^" 


-3 




^ 


































































mm oslss3^ 







Jhavieler 0/ Pipe, 36 hiche 



Length in yBrfs. . inoii. 



) &ifm\ 198.000 166,0X1 

1 SS7 111 wa^ ui.TSB 

I -«.im nasnn vnm 

> JSiOfU 87 000 BSWOft 

> 17 w} soBjxw sefijm 
1 4fF7 w 3su.noo| ssftMir 



The fo feo ug tables ate calculated npoD the bas e of tbe specille 
grav ty of the gae be s 400 The quantity of gas of an other epecifle 
nav ty d Echa ged d a be as rlomed b)~ multiply nf; the qnuiti^ 
indicated in the table by 0325 (the Hcjuftre root o( 4001, and dindiig 
by tbe square root o( the specific gravity of tbe other gas. 

Exs»pLE.— If a IS-inch )iipp. 1000 yards long, discbargPB S3,800 cdhii 
feet of gas per hour, spetihc gravity 400 at 5 preEsure, how moeh 
gas will the same pipe di^liarge, at the same preEsura when tlu 
■peoifio gravity is 'SUO? 

23,800 X '6325 

.-jgj = 20,116 oubio feet. — Anaoar. 

The quantitv of ^s dinoharj^ed at any other pressure ma; be MDH- 
tuned by multiplying the qnautity indicated in the table by tbe squat* 
root of the new pressure, and diTiding by the square root <a Bu 
oriirit^l preasurc- 

Ei>3iFLE. — If a quantity of gas equal to 23,3£G oubio teet ia di>- 
ohar^d in one boar at a presBure of 12 inches, what qoK ' 
be diBobarifed tfarough the same pipe at S'a inches preaeore 7 
23,355 X 1-4832 „, .^ ,.. . 
T^OOSJ = 3l,62S outfto IB^. — AiuojUT, 
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To facilitate these colonlations, tables are annexed of the square 
roots of speciflo gravities from 'SoO to 'TOO, rising 005 at a time ; and 
-of the square roots of prossurns from l-l()th of an inch to 4 inches, 
rising 1-lOth at a time. 



TABLE. 
Square Bout of the Specific Gravity of Gas from •350 to '700. 



^paeiflc I SaoAre i Hpcciflc HqnareJ 
^^ravity. '• Boot. , (Travit>. lioot. 



Specific j Sqnare - KiMi'itti- SquHru ; Kp^ciflc IHqture 
(Gravity.' Iloot. , (Jruvitj. ll<K>t. i liravity. I lloot. 



•850 


•5916 


•4'26 


,0519 , 


•495 


1-7085 


•505 


,•7517 ;, 


•085 


•7969 


.855 


•5958 


•480 


•G-W ■ 


•500 


•7071 ; 


-570 


•7549 ' 


•010 


-8030 


*860 


•6000 


•4.S5 


•6595 


•505 


•7100 


-575 


•7583 


-045 


•8031 


'865 


•6041 


•440 


•6(588 


•510 


-7141 


•580 


•7H16 


•650 


•8062 


-870 


•6083 


•445 


•6671 


•515 


-7176 


•585 


-7048 


•655 


-8098 


-876 


•6124 


•450 


•6708 


•520 


•7212 . 


•590 


•7081 


•060 


-81-24 


-880 


•6164 


•455 


•6745 


•525 


•7246 


-mr, 


-7718 


•065 ' 


-8165 


-885 


•6205 


•460 


•6782 


•580 


•7'28[) 


•GOD 


•7716 


•070 


-8185 


-890 


•6245 


•465 


!^6«19 


•585 


•7314 


•605 


•7778 


•075 


•8216 


.806 


•6285 


•470 


•6856 


•540 


-7348 ■' 


•610 


-7810 ; 


•080 


•8246 


•4O0 


•6825 


•475 


•6892 


•545 


•7882 


•615 


-7842 ;• 


•685 


•8278 


-405 


.6864 


•480 


•09-28 


•550 


I-7416 


-0-20 


-7874 1 


•090 


•8306 


-410 


•6408 


•485 


-mu 


•555 


-7449 


•625 


-7905 ;1 


•695 


•8887 


-416 


•6442 


•490 


|-7(K)0 


•560 


1-7483 . 


•630 


•7987 ;i 


•700 


•8867 


•420 


.6481 




1 


[ 

t 

TABLE. 







1 















Sqiubre Hoot of Pressures, rising hy Tenths of an Inch, from 

One-Tenth to Four Jnehea. 



Xneheaand 
Tenths. 



Kqnare 
Rout. 



1-lOth. 

2-lOths. 

8 

4 
6 

7 
8 

1 
1 
1 
1 

1 



♦» 



»» 
»» 






inch. 

1-lOth. 

2-10th8. 

8 „ 

4 M 



8162 
-4472 
'5477 
6824 
'7071 
7745 
8866 
'8944 
•9487 
■0000 
-0488 
-0954 
-1401 
-1882 



IncheH aiid 
TonthH. 



S«inarf 
Itoot. 



Jiii'hcrt and 

Tt'IltllH. 



Siniarc 
lioot. 



5-10th8. 
C 



»» 



7 

8 „ 

9 „ 

2 inches. 
2-1-lOth. 
2-2-10th8. 
3 



M 



»> 



J» 



1-2251 


2-8-10th8. 


l-673Ji 


1-2649 


2-9 „ 


1-7029 


1-3038 


; 8 inches. 


1-7320 


1-8416 


8-1-lOth. 


1-7606 


1-8784 


8^2-10th8. 


1^7888 


1-4142 


8-3 „ 


1-8165 


1-4491 


; 8-4 „ 


1-8489 


1-4832 


8-5 „ 


1-8708 


1-5166 


8-6 „ 


1-8978 


1-5491 


8-7 „ 


1-9235 


1-5811 


1 8-8 „ 


1-9498 


1-6123 


' 8-9 „ 


1-9748 


1-6481 


' 4 inches. 

1 


2-0000 



Should it be required to find the pressure in inches of water to dis- 
charge a certain quantity of gas of given specific gravity in an hour, 
through a pipe the dimensions of which are known, the formula is — 

h = _9i*-i- 

(1350)2 (n> 
v.«., multiply the square of tlie number of cubic feet ot ^a.'a \»\i%, ^vj»- 
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charged in one hour by the specific gravity of the gas, and by the 
length of the pipe in yards; divide the product by the square of the 
constant number 1350, multiplied by the diameter in inches raised to 
the fifth power, and the quotient is the pressure. 

Example. — It is required to find the pressure in inches of water to 
discharge in an hour 12,000 cubic feet of gas, specific gravity '6, 
through a pipe 8 inches in diameter and 1900 yards long. Thus — 



13602 X 



X I _ 144,000,000 X -5 X 1900 136,800,000,00 (2-3 inches, 
c d^ — 1,822,500 X 32,768 ^ 59,719,680,000 ~ t nearly. * 

If the diameter of a pipe is required which will discharge a given 
quantity of gas under a given pressure, we have the formula — 

^— y (1350)2 h 
This can easily be calculated by a table of logarithms — i.e. 
log. d = \{2 log. Q -f log. s. + log. l. — 'H log. 1350 + log. h) 

Example. — It is required to find the diameter of a pipe 1240 yards 
long, to discharge 48,000 cubic feet of gas, of the specific gravity % 
in one hour, witn a pressure of 2 inches. Thus — 

2 log. Q = 2 log. 48,000 = 9*3624824 

log. a = log. -4 = l-60a0600 

log. I = log. 1240 = 30934217 

120579641 

2 log. 1350 = 6-2606676 1 _ «.r«i«q'7« 

log. /t = log. 2 = 0-3010300 r • • • • - b&blby7b 

5)5-4962665 

log. tZ = 10992533 

Therefore d = 13 inches, nearly. 

The following axioms are worth remembering : — 

1. The discharge of gas will be doubled when the length of the pipe 
is only one-fourth of any of the lengths given in the tables. 

2. The discharge of gas will be only one-half when the length of the 
pipe is four times greater than the lengths given in the tables. 

3. The discharge of gas will bo doubled by the application d four 
times the pressure. 



Handy rule for finding {approximately) the Content of a Pipe w 

Gallons and Cubic Feet. 

Rule. — Multiply the square of the diameter of the pipe in inches by 
the length in yards, and divide by 10 for gallons, and by 60 for oabio 
feet. 

Example. — A pipe is 6 in. diameter and 400 yards long, what is the 
content ? then 

fia V 4nn "^ 1^ = ^^^ gaUons. 
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SERVICE-PIPES AND FITTINGS. 

In the term service-pipes are iuoluded all pipes branching out of the 
mains to the consumers' meters, and for the supply of pubUc and 
private lamps, &c. 

Leakage or uuaccounted-for gas is due more to defects in service 
pipes than to all the other causes combined. The leaks are chieHy 
caused in the pipe by coiTosion, or at its junction with the main. Sucn 
being the case, it is clear that the utmost care should be devoted to the 
habilitation and maintenance of this portion of the distributory plant. 

Service-pipes are of cast-iron, wrought-iron, and lead. The use of 
cast-iron pipes for this purpose, is, as a general rule, confined to the 
supply of ^s to large establishments, where the diameter of the pipe 
exceeds 2 inches. The smaller sizes are too fragile to bear the over- 
head traffic, and the number of joints is objectionable. Such services 
as are of less bore than 3 inches are usually of wrought-iron, or lead. 

"Wrought-iron pipes or tubes are chiefly employed for services. They 
can be obtained of any convenient length, and are easily and expedi- 
tiously fixed. 

Wrought-iron tubes and fittings, such as tees, bends, elbows, ferrules, 
sockets, <fec., should be perfectly cylindrical, with no ribs or fiat places, 
and internally as smooth as possible. The welding should be scarcely 
discernible from the other parts, and the screw should be equally deep 
throughout the thread. 

In laying wrought-iron pipes, the coupling or socket at the end, and 
which IS supplied along witn the pipe, should always be removed, the 
thread painted with red or white lead paint, and then replaced. 

Lead pipes have their advantages, though they require more care in 
laying ; and to prevent their sagging in the ground, slabs or laths of 
wood have to be placed underneath them throughout their length. 

On the other hand, they can be laid with fewer joints, the only joint- 
ing places being the connections with the main and the meter, unless 
the premises to be supplied is beyond the ordinary distance from the 
main. When taken up, also., to be renewed, the old metal is of more 
value than old iron. 

All service-pipes, whether of wrought-iron or lead, when laid in the 
ground, should be protected from the oxidizing influences of the soil, 
moisture, and air by being encased in a U-shaped or V-shaped channel 
of wood or other material, filled, after the pipe has been laid therein, 
with a mixture of hot pitch and tar. This prolongs their life indefi- 
nitely, and prevents leakage, and consequently is well worth the 
trifling extra cost and trouble entailed. 

The tinning or galvanizing of the surface of wrought-iron pipes adds 
greatly to their durability when laid in sandy soil impregnated with 
saline matter. 

The Barfif-Bower process of covering iron with a thin layer of oxide 
to protect it from corrosion, either in the soil or when exposed to the 
atmosphere, is peculiarly valuable as applied to wrought-iron tubes and 
fittings, and deserves to be uuiversalljr adopted. 

Mams should be drilled, not cut with a chisel, for the insertion of 
service pipes. The full sectional thickness of the metal is thus pre- 
served, and the hole is a true circle in form. 

Mr. Upward's drilling apparatus secures immunity from leakage in 
attaching the service pipe to the main, and it is easily appUed and 
used. 

All service-pipes should, if possible, be laid mth. % ^W^go^ 1«2^ \» ^Sp** 



liOO 
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main to admit of the condensed moisture draining? away thereto. When 
the pipe is of great length, and a continuous inclination to the main is 
impracticable, a small drip-well, commonly called a bottle-syphon 
(Fig. 76 — on p. 203) should be attached at the lowest point. 




Fig. 75. 



The service-cleanser of Messrs. D. Hulett and Co. (Fig. 76) is exceed- 
ingly useful for removing water and other obstructions from service pipes. 

It is not possible always to see whether a wrought-iron service-pipe 
is worn out or not, unless it is taken up out of the ground. The under 
part of the pipe will often be found completely oxidized, when the 
upper surface is sound and good. The rust forms a shell, which 
crumbles on being disturbed, but when untouched is sufficient to 
prevent the immediate escape of gas. 

All abrupt angles, such as square elbows, whether in mains, services, 
or internal fittings, owing to the resistance they offer to the regular 
and even flow of the gas, act as condensers, and diminish the available 

Eressure. Their use should therefore be discarded wherever practicable, 
ends or round elbows being much more preferable. For the same 
reason the internal surface of pipes should be as smooth as possible. 
Ko pipe should be put in use without careful examination, and the 
removal of all existing roughnesses. 

2-inch cast-iron pipes as mains, 

i-inch wrought-iron pipes as services, and 

i-inch lead or composition pipes for internal supply, should be 
utterly abandoned. 

The first are a grievous source of direct leakage owing to breakages 
at their junction with the service-pipes ; the whole three, if used to 
any great extent, entail high initial pressure, which is synonymous 
with a heavy leakage account. 

If the distance from the main to the meter does not exceed 30 yards, 
the following sizes of service-pipes will supply the number of lights 
named : — 

Wrought-iron tube. 



1 

n 

31 

61 

121 



to 



>» 



)> 






10 lights (consuming say 4c. ft. poi* hour each) 

30 

60 
120 
200 



» 



» 



»> 
» 



>> 
11 



11 
it 
11 



>? 



11 



11 
11 
11 

11 



>i 



finch. 
1 

li 
2 



11 
11 

»». 



TJjfi above sizes allow for partial contraction of the area of the 
pipe by eorroHiou or dp[)osition. 
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Uiiiformity in the screws or threads of service-pipes and fittings is 
reatly to be desired, a large proportion of the leakage being due to the 
rant of this. The screwed joint may be too slack, in which case 
)akage often follows ; on the other hand, when a socket is too small to 
Bceiye the screwed end of a pipe, instead of running the tap into the 
ne, or the dies over the other, careless workmen are oiten content to let 
he joint pass, provided they succeed in getting a single thread to bite, 
lie natural settlement of the ground, the traffic over the surface, or 
le first keen frost, disjoints tlie connection and an escai)e follows. 



Pitch of the \Miitworth Taps and Dies for Gas Tubing. 



Internal 
>iain«t«r of j 
Pipe. 



External 

Diameter of 

Pipe. 

•885 
•520 
•665 
•822 
•084 
■302 
•492 
•650 
•746 
■882 
2021 
2-047 
2-245 



1' 
!• 
1- 
1- 
1- 
1- 



Number of |, Internal j External 
ThreA<lt>per Ji Diameter of Diauneter of 
in<'h. . Pipe. Pipe.. 



•28 
19 
19 
li 
14 
11 
11 
11 
11 
11 
11 
11 
11 



2 



2-847 
2-467 
2-587 
2-794 

aooi 

3- 124 
8-247 
3-807 
8-485 
3-698 
8-912 
4-125 
4-889 



Number of 

Tlureads per 

inch. 



To Calculate the Required Size of Sere ice-Pipes. 

The following table gives the theoretical diameter required for 
ipes which have to supply a certain number of burners at distanoes 
lom the street main. The table is calculated by the formula 

d=z V ~(i2oO)i h ' ^^^"o t^6 same as that used in the determination 

f the quantities of gas delivered by large pipes. 

Ah, however, the actual discharge from small pipes is less than the 
Uoidated quantity, the tabular number must be increased by one- 
rird if the service-pipe is of lead, and by oue-half if of wrought-iron. 
Fhen of the latter material, it is not advisable to put in the ground a 
ipe of less than f -inch in diameter. 

Example of tlie Mamier of Using th^ Table. — Supposing there are 
) lights to be supplied, at the distance of 70 feet from the main, the 
kbular number opposite 70 and under 40 is '78540. To this add one- 
lird if a lead service, making '98053, and one-half if a wrought-irou 
irvice, making 1'10310. The size of pipe next above the numbers is 
inch and 1^ inch respectively, and this is the size required. 
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TABLE 

Showing the Diameier of Pipes, in Decimals of an Inch, to Supply 
Lights at Certain Distances from the Main. 



Distance of 

Lights from Main in 

Feet. 



5 

10 

15 

20 

80 

40 

50 

CO 

70 

80 

90 

ICO 

150 

2C0 

250 

800 



Number of Lights, each Burning Five Feet per Hoar, with 
a Pressure of One Inch. 



8. 



5. 



•15457 
•17682 
•19176 
•20311 
•22027 
•28381 
•24896 
•25802 
•26094 
•26802 
•27489 
•28023 
•80391 
•82191 
•83660 
•34901 



•18882 
•21691 
•23524 
•24916 
•27020 
•28620 
•29927 
•81024 
•82010 
•32876 
•83660 
•34877 
•87281 
•89489 
•41291 
•42825 



10. 



24912 
28617 
31034 
32872 
85649 
37760 
89483 
40950 
42231 
48375 
44408 
45854 
49185 
52098 
54476 
56507 



15. 



•29424 
•33660 
•36504 
•38666 
•41982 
•44415 
•46441 
•48167 
•49675 
•51256 
•52235 
•53348 
•57054 
•61281 
•64077 
•66457 



20. 



•32876 
•37765 
•4C956 
•43881 
•47045 
•49880 
•52106 
•54041 
•55783 
•67241 
•58606 
•59854 
•64909 
•68753 
•71891 
•74561 



25. 



86946 
41291 
44779 
47429 
51438 
54488 
56970 
59086 
60936 
62585 

umi 

66442 
70970 
75178 
78604 
81523 



80. 



•88824 
•44415 
•48167 
•51019 
•55829 
•58605 
•61280 
•68556 
•65546 
•670U 
•68925 
•70898 
•76889 
•80860 
•84550 
•87691 



Distance of 

Lights from Main in 

Feet. 



Number of Lights, each Burning Five Feet per Hour, with 
a Pressure of One Inch. 



5 

10 

15 

20 

80 

10 

50 

GO 

70 

80 

90 

100 

150 

200 

250 

800 



40. 



•43881 
•49882 
•54041 
•57241 
•62076 
•65753 
•68758 
•71807 
•78640 
•76580 
•77881 
•78978 
•85649 
•90720 
•94862 
•98389 



50. 



•47480 
•54484 
•59086 
•62585 
•67872 
•71891 
•76172 
•77928 
•80405 
•82582 
•84550 
•86861 
•93688 
•99191 
10871 
1.0757 



100. 



62577 

71881 

77954 

82571 

89546 

94848 

99177 

0286 

0608 

0896 

1155 

1894 

2856 

8088 

86a5 

4197 



150. 



•78911 

•83776 

•91693 

•97123 

•0533 

•1166 

•1665 

•2099 

•2478 

•2874 

"3121 

-34G0 

■4582 

5893 

6095 

6693 



200. 



800. 



1- 
1- 
1- 
1- 
1- 
1- 
1^ 
1^ 
1- 
1- 
1^ 
1- 
1^ 
1- 



82681 


•97525 


94862 


11167 


C288 


12099 


0897 


12816 


1817 


18898 


2517 


1-4721 


8089 


1-5898 


3574 


l^fi966 


8999 


1^6464 


4378 


16910 


4721 


17818 


5035 


1*7681 


6805 


1-9176 


7*270 


20811 


8058 


2*1888 


8729 


2*2640 



GAS ENGINEEB8 AND MANAGERS. IBS 




NEWBI«GING'S HANDBOOK FOK 







PRICE LIST OP WHOUGHT- 


■Jo. lIsTEHNALDUlDiTEU. InCHKB. J J 


e 


4 i S 


1 


1 & d. . ■. d. 

1 1 TobeB,»lol4fei!tloog,p*rtool aiO Si 

M ; Do. StoUJ „ ., .;o 2 S 

a ■ Do. BK.1I1„ „ . 4,0 6 

« ; BendB .0 a- fli 

8 B, Springs, not Booltelea . . „ .; 4 i 6 


7 


B. d. 
a B 


a 

8 

oil 


SI 

oil 

J I 

on 


la 


Socket DntomlOJ, Wpe Do, |I!I 
Tee- ' „ ... 

FUage. 

Caps (18), Plogs (19) . . '. . 
BBctnots (m Ntpples IMI . . 


6 6j 

a 6j 


a 2 




oio 

U 81 




1« 
17 

19 
21 


1 B 


B 


s 


B 

8* 




^ 


IronMainCockB 

Do. wilh Btrbb I'Jugp. 


D 7 » 


■J6 


'."i'." 


8 6 
T 




';: 


a? 

3B 


Do. Willi Braas Pings. ' .. 
Do. MBlleaWeCsBl-Iron .. 






11 li" n 




n 












^: : :: :::,':■:.' :. 




^:t: 








« 


ll«llfl«ble CiM R«"iifl rahow, . 


* «i 


7 


a 8 


10 1 1 a 



tdS) Toukb or Nippers, (iWf StuckH, Dies, and Taps, at prion u 

quoted by the nuuinf aoturer. 
If Tubes areroquL'cdlH) he of longer length than 14 tt., they are 

oharged at the next higher rate. 
Tnfces of in termed in tw aiaraetom cliorged at the price of tlin next 

Springs ; it Moekcted, Bockels aililKi\ al. Wsl \iviooB. 



GAS ENGINEERS AND MANAGERS. 



205 
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PUBLIC LIGHTING. 

The height of a lamp pillar or column, measured from the surface of 
the ground to the centre of the flame, should not exceed 10 feet. 

A i-inch, or even a J-inch lead pipe is not suitable for placing in the 
interior of a lamp column. In cold districts the condensed moisture in 
a pipe of this small bore becomes frozen, filling up the entire length 
with solid ice in a very short space of time. This is probably due to 
the wavy irregularities in the pipe preventing the water from draining 
rapidly away. 

Galvanized wrought-iron pipe is best for lamp columns, and for 
placing against a wall for the supply of a bracket lamp, and )«inoh 
is the smallest size that should be used. In situations exposed to 
outting winds, and where the frost is keen, |-inch wrought-iron pipes 
are best. 

If the service pipe at the entrance to the base of a lamp column has 
not very ample fall to the main, the water of condensation, unable 
to drain quicldy awajr, will inevitably be frozen at that point during 
frost, and, by accretion, will eventually interrupt the passage of the 
gas. 

It is not unusual to find one-half the public lights in some districts 
extinguished at night when a severe frost prevails. This is simply 
due to mismanagement, as it would not occur if attention were paid^to 
the matters indicated above. 

Seventy yards is the maximum distance apart at which public lamps 
should be placed. 

The ordinary four-sided lamp is the most serviceable for general use. 
It is 14 inches square at the widest part, and made of tinned copper. 

The new street lamps designed by Mr. Sugg (Fig. 77) and ]V&. Bray 





Fig. 77. 



Fig. 78. 



(Figs. 78 and 79) with clusters of flat-flame burners, and the lamp and 
regenerative burner of Herr F. Siemens (Fig. 80) have much improved 
the lighting of streets and squares wherever they have been introduced ; 
And have proved, at the same time, that efficient street illumination by 
means of gaa is perfectly attainable where there is a willingness on the 
part of towns* authorities to incur the expense. 
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FlQ. 79. 

The supply of gaa to public lamps ia usually fixed M 6 cubic feet per 
lor tor common gas up to 17 uandles value ; tor eannel gas up to 30 
ndleB value, the supply i>er hour varies from 3 to 4onbio feet. 
Satisfactor.v public lighting, as between gaa oompauiea and local 
ithoritie^, is best aeciu^d by the adoption of a good average meter 
stem, and the application of a regulator to every lamp. 

of Glass for Public Lampi, die. 
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•S^ DeoimataMmlneb. 



ituZe to find the Length of Day and Night, 

Day.— The hour ot eanset, doubled, is the leuRth of the day. 

Night.— The hour of sunrise, doubled, is the length ot the night. 

The Moon's Bising and Setting. 
At 4 days old, the Moou sets about 10 o'olaoli at night. 
At 6 „ „ „ ,. 11 
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CONSUMEKS' GAS METERS. 

Gas Meters are either "Wet '* or " Dry." 

The wet meter has a measuring wheel or drum enclosed in a cast-ii 
case charged with water up to a certain level, called the " water-lin 
The drum is divided into compartments similar to the station met 
and the measurement and indication, or registration, of the gas passi 
through it are performed in the same manner. 

The dry meter has usually an outer case of tinned iron. This 
divided into compartments by a central partition and two or m( 
movable diaphragms with prepared flexible leather sides. The ^ 
enters and leaves these compartments alternately through vali 
whose passages are made to open and close at the proper moms: 
The alternate expansion and contraction of the inner and outer spa( 
(after the manner of the ordinary bellows), by the pressure of the g 
exerted on the surfaces of the diaphragms, are communicated by lev< 
and cranks to the wheelwork of the indicators which are alike in bo 
classes of meters. 

Meters, as tested under the provisions of the " Sales of Gas Ai 
1869," are stamped as correct by the inspector when their registratii 
does not vary from the true standard measure of gas more than 
per cent, in favour of the seller, and 3 per cent, in favour of t! 
consumer. Added together, the range is 6 per cent. 

" Compensating " meters were introduced to overcome the difficul 
caused by the limitation in the range of the water level of wet metei 

Most of these have a reservoir of water within the case distinct fro 
the water in which the measuring wheel revolves; and vario 
automatic expedients are adopted for transferring this water, as long 
it lasts, to the body of the meter, to compensate for the diminution 
water therein by evaporation or otherwise. 

The action of the Warner and Cowan measuring wheel is independe: 
of the water line, the compensation in this instance being effected 1 
a second and smaller wheel contained within, and revolving with, tl 
larger one, but having its partitions arranged in the opposite directio 
When a depression occurs in the water line of a meter firom any cauE 
a volume of gas in excess of the true quantity is passed ; but in tl 
case the excess in volume of the gas is returned by the small wheel 
the meter inlet to be remeasured. 

The Sanders and Donovan meter is provided with a compensatii 
hollow float of metal plate, accurately balanced on pivots within t] 
front portion of the case, and independent of the meter's action, j 
the water is added to or withdrawn, the float rises or sinks in propc 
tion, and thus the correct level is maintained. 

When the drum or measuring wheel of a meter is driven at a spe* 

exceeding 120 revolutions per hour (except 2 and 3 lights, when 

may have a speed of 144), it absorbs an undue amount of the ava 

Able £ras pressure, and its registration is falsified. It is importai 

ibereiore, to see that all meters fixed are adequate to the supply 

ibe greatest number of lights in use at one tvmfe oix tYva Y^emises of tl 

consumer. 
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Mr. XJrqnhart's " Belianoe " meter, and Mr. Hunt's meter, both of 
which are on the oompensating principle, though different in character, 
are exceptions to the rule above stated, as they measure correctly even 
when the measuring wheel is caused to revolve at speeds in excess of the 
normal rate. This result is obtained by a reverse action, bv which the 
gas enters through passages in the valve chamber into the body of the 
meter, and thence into the drum, from which it makes its escape 
through the bent tube to the outlet. The inlet pressure thus bears 
upon nearly the whole surface of the contained water, and the 
measuring chambers are practically unaltered in capacity. 

It need scarcely be pointed out, however, that anything like a 
general resort to the practice of allowing the use of meters too small 
lor the consumption except at extraordinary pressures, is a serious evil 
in various ways ; loss by leakage is increased, the illuminating power 
of the gas is practically reduced, and consumers whose meters Mid 
fittings are adequate, suffer by the prevailing high pressure. 

One-light meters, which formerly were extensively employed, are 
now altc^ether inadmissible ; and even two-light meters uiould only 
be sparingly used. The low price at which gas is sold encourages its 
ext^iided consumption, and tne houses are becoming fewer in number 
everyday where this small size is sufficient to afford an adequate supply 
at reasonable pressures, to the quantity of Ughts in regular use. 

The regular periodical inspection of meters is a point of the utmost 
importance, and ought never to be neglected. The indices of meters 
in dwelling-houses, &c., should be noted, and water supplied to l^e proper 
lerel wherever deficient at least once every six weeks. The mters in 
mills, manufactories, and large establishments of every kind where the 
consumption of gas is heavy, should be inspected for the like purpose 
once every 14 days. 

The inspector should always be provided with a supply of leather 
washers for the different screws and plugs, to replace any that are 
worn out. 

Meters in cold and exposed positions should be protected by a suitable 
oovering during frost, to prevent interruption to the supply of gas by 
the water becoming frozen. Woollen rags or wrappings of any kind will 
answer the purpose. 



Testing Meters. 

For the verification of gas meters by a public inspector under the 
Sales of Gas Act, a somewhat elaborate set of apparatus is required. 

For ordinary use in testing meters in a gas works, the following may be 
provided (see Fig. 81) : — ^A standard gasholder of 10 cubic feet capacity. 
A proving bench. An overhead water cistern. A float of hghts, and 
tbermometers for taking the temperature of air and water. 

In testing, it is important to secure uniformity in the temperature 
of the air or gas in the test holder, the water m the tank, and the 
air in loom, viz., 60° Fahr., otherwise corrections for varying tempera- 
tures have to be made. 

-6 ^ 
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Flac? the meter to be tested on the proring bench, churge it with 
water to the proper water line (if a wet meter), and connect it wiUi lie 
holder and to the float of lights (if gae is being used). 

See that the pointer of the small metal drum above the indei in the 
wet meter, or of the Einitll circle on the indei plate of the dry meter, coin- 
tides with one of the figurea marked thereon. If it does not, pass 1 
amoJl quantity of gas through till the necessary adjastment is effected. 

Next, fill up the test holder till the line of the scale upon it k 
ciactly opposite its pointer. 

This being done, turn the gas or air on to the meter, and. ■llow the 




exactly over the fiRave from which the start w 

The meter repstration is then com^jared with that oi the fa 
scale. If they correapond, the meter is exactly correct: but ii >■» 
Bosle on the holder indicates less or more ttian the small dnun on the 
meter, the percentage of error ie calculated ; or it can be ascertainsd 
on reference to the Table. 
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'towing the PercBiitaae of Errorin }Iflera according at their Begig- 

tration differt from the Inditaiiom of the Teat Oaaholderi. 
be ilgn -<- is Qsed to indicate/oil , nod — to Indicate tlou-. 
tetcTs not moeediaft a per cent, tut, or 8 p«i cent >la<r, ore eonect wilUa 
njemung of the " Bsles ol Has Aai." 
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Note. — ^Auy other quantity may be calculated by the rule of propor- 
tion, thus : — 

Meter registering 100*00 feet. 

Beading of soale of test gasholder . . . 89*95 „ 

Difference 10*06 „ 

89*96 : 100 :: 10*05 : 11*17 fast. 

And meter registering lOO^OO feet. 

Reading of scale of test gasholder . . . 112*65 „ 

Difference . 12*56 „ 

112*66 : 100 : : 12*66 : 11*16 slow. 



TABLE 

Showing tlie Dilatation of Gas in Contact with Water and Saturated 
with Aqueous Vapour , for given Temperatures. (Professor AireyJ) 

(Used in making Corrections for Temperature in the Testing- of 

Gas Meters.) 



Temperature 

in Fahrenheit's 

Stale. 


Percentage : 

of 
Dilatation. 


Temperatnre 

in Fahrenheit's 

Scale. 


Percentage 

of ; 
Dilatation. 


Temperatnre 
in Fahren- 
heit's Scale. 


PercQntaK« 

of 
Dilatation. 


81-40 


1 


54-88 


H 


74-80 


11 • 


88*54 


i 


56-24 


6 


75-94 


11^. 


85-70 


1 


58-12 


6i 


77-28 


12 


87*84 


li 


60-02 


7 


78-81 


m 


89-91 


2 


62-00 


n 


80-40 


18 


42-05 


2i 


68-77 


8 


81-94 


18§ 


4417 


8 


66-68 


8J 


88-44 


14 


48-22 


8i. ! 


67-48 


9 


84-88 


14i 


48-25 


4 


69-18 


9i 


86*39 


15 


50*82 


4i , 


70iK) 


10 


87-88 


IH 


52-86 


5 1 

1 


72-60. 


lOJ 


89-20 

1 


16 



Note. — The table shows the percentage of increase of the volume of 
gas above its volume at the temperature of 31*4° Fahr. 
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INTERNAL FITTINGS. 

"he advantages of an ample supply of good and pure gas are fre- 

nUj neutralized by the defective manner in which premises are 

3d internally. 

ad gas-fittings are generally the result of cupidity or ignorance. 

ij are a common cause of complaint from consumers who are often 

fy to attribute the inefficient light which they afford to a want of 

3Bure or purity, or a low illuminating power in the gas. 

"he following regulations (with such additions and modifications as 

^ be found necessary) may be adopted with advantage by gas autho- 

BS. 

Beg Illations as to Internal Fittings, 

The company's (or local authority's) servants will in all cases lay 
}he service-pipe, convejjdng the same through the outer wall of the 
oiises to be supplied with gas. 

. The main-cock must be attached to the end of the service-pipe 
bin the building, and close to the outer wall. 

. The gas meter must be placed perfectly level, either on the floor 
»n a substantial support, and within 2 ft. 6 in. of the main-cock. 
. The piping attadied to the meter, whether inlet or outlet, must 
be smaller in internal diameter than that of the meter unions, 
. The following are the sizes of meters, and their measuring cima- 
% from which tne number of lights which they supply can be readily 
julated : — 











Size of 








Measuring 




Measuring 


Size of Tnletand Capacity per Capacity per 


Meters. Outlet. Revolution. Hour. 


Tnohes. Cubic Feet. Cubic Feet. 


2-light ....).... i4 • • • • 12 


3 , 








. . i . 








h . 






18 


5 , 








. 1 . 








i . . 






30 


10 , 








. . 1 . 








h . . 






60 


15 , 








. 1 . 








i . . 






90 


20 , 








. li 








1 . . 






120 


30 , 








. . li 








n . . 






180 


60 , 








. . li 








2i . . 






. 300 


60 , 








. . li 








. 3 . . 






360 


80 , 








. . l| 








4 . . 






480 


100 , 








. . 2 








.6 . . 






600 


160 , 








. . 3 








7i . . 






900 


200 , 








. . 3 








10 . . 






1200 


260 , 








. . 4 . 








12i . . 






1600 


300 , 








. 4 








16 . 






. 1800 


400 , 








. 4 








20 . . 






2400 


600 , 








. 5 








26 . . 






3000 


600 , 








. 5 








30 . . 






3600 



?o ascertain the number of lights which any size of meter will sup- 
, divide the measuring capacity per hour by the quantity of gas 
' hour which e^ch jet is estimated to consume. Example : What 
nber of lights, consuming 4 cubic feet of gas per hour, will a 20-light 

, ^ ^ 120 
ter supply? Then,^ « 80 lights, answer. 
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6. The following are the sizes and lengths of iron, lead or composition 
tubes to be used accoi'ding to the number of ordinary lights : — 

~ Internal Diameter Greatest Length Greatest No. of 

of Tubing. Allowed. Burners Allowed. 

Inches. Feet. 

I ....... 20 3 

i 30 6 

g 40 12 

J 50 20 

1 70 35 

IJ 100 60 

li 160 100 

2 ........ 200 200 

Tubing of J inch bore is not allowed to be used. 

7. The tubes or pipes niiust be laid with proper fall, and in suoh a 
manner that they are easily accessible, and protected from liability to 
damage. Attention is to be given to leaving a space round them at 
such places as wall crossings, &c., where fracture or crushing of the 
pipes might be caused by the subsidence of the building. The joinings 
of the tubes and pipes are to be made in the most solid and substantial 
manner; and carefully rounded bends (not elbows) are to be used 
wherever the direction of a pipe is changed. 

8. Floor boards covering pipes must be secured with screws, so that 
they may be easily removed to afford access to the pipes, eapecuJly 
at the points of connection. 

9. On the completion of the work of fitting, and before the piping is 
covered up, notice thereof must be given in writing to the gas manager 
(the requisite form for that purpose being obtained at the gas office), 
who will cai^se . an inspection to. b^ made of .the work, and if found in 
accordance with the regulations herein contained, it >^'ill be passed by 
the company (or Ipca^ authority), and, the gas turned on. 

10. If the- regulations are not conformed to in every respect, the 
company (or local authority) reserve the right to refuse a supply of 
gas unt^ the necessary alterations are made. 

11. Gas-fitters complying with -these regulations have their names 
registered on the company's (or local authority's) list of approved fitters, 
and they are at- liberty to designate themselves " Authorized gas- 
fitters." Repeated neghgence will cause the licence to be withdrawn. 



Ordinary sitting rooms are best .lighted- by means of a central 
chandelier. When the room is of large dimen»ons, wall brackets may 
be added. A bracket at each side ef the mantelpiece has a tasteful 
appearance, .and lights are handy in that position. 

The jets of chandeUers and brackets should be not less than 36 inches 
from the ceiling. • • ... 

A tea-spoonful of salad oil added on the top of the water in the tube 
of a water-slide pendant, tends, in a great measure, to prevent or 
retard evaporation of the water. 

Burners arranged in the horizontal position are not usually efieotive> 

and are not to be recommended except on the conditions noted here*- 

after. The fiames of such have an unpleasant pulsatory or trengiuloud 

motion, very disagreealble when fixed on a level with or but slightly 
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abo've the eye of the spectator, due to the upward current of air striking 
tha underside. 

The arrangement is bad for another season — viz., the flame id pre- 
vented from receiving its due supply of oxygen on all sides, and as a 
conse^uenoe, the combustion is imperfect; bad illumination, and a 
deposit of unconsumed carbon on the ceiUng being the result. 

It is not, however, to be assumed that lights placed in the horizontal 
or the inclined position are never efifective. They can be rendered so, 
by causing the tails of the flames to impinge one upon the other, and 
by making provision in the construction of the pendant for the air 
current to play upon the upper surface of the flame. 

The question of the efficient ventilation of rooms where gas is being 
consumed is one of importance both to the gas producer and the user. 
The subject has been a comparatively neglected one, although it pro- 
mises in the future to occupy greater prominence. 
Ventilating globe and other lights of various designs have been intro- 
duced by Messrs. Sugg, Cowan, 
Bray, Strode, and other makers, 
with highly satisfactory results, 
and their more general adoption is 
only a question of time. x'ig. 82 
shows Mr. Cowan's ventilating 
globe light, and Fig. 83, the ven- 
tilating sun-light as made by Mr. 
Strode. 








^ 



Fio.88. 



Fig. 82. 
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To obtain the maximtun of light from a burner it is necessary that 
the pressure, when that it in excess in the mains, as it must neces- 
sarily be, should be controlled and regulated in the passage of the gas 
to the point of ignition. 

This cannot be accomplished satisfactorily by checking either the 
taps on the fittings, or the stop cock at the meter, because there is a 
continual variation of pressure according to the consumption that is in 
progress. 

The house governor or regulator was invented to tichieve that end. 
It may be fixed on the pi^e leading from the meter outlet, or, what is 
better, on the principal pipe supp^^ng each floor level of the premises. 

The regulator is automatic in its action, and when weightea to afford 
the required pressure for all the burners in use, it will continue to give 
a practically uniform supply however much the pressure in the mains 
may vary, or whether the whole or only a portion of the burners being 
supplied through it may be alight at one time. The " Needle" governor 
burner of Mr. Peebles and the " Acme " regulating burner of Mr. Wright, 
are examples of regulation applied close to the point of consumption. 

It is a clearly established fact that the lower the pressure (provided 
there is just sufficient) at which gas can be burned, the better the 
light. If, instead of being advantageously consumed, the gas is forced 
through the burners into the atmosphere, the carbon is rapidly oxidized 
by the excess of air drawn into the flame by the heavy pressure, mth 
tne usual unsatisfactory results as regards illumination. 

Dr. Letheby found that a vulcanized india-rubber tube of about 
30 feet in length, reduced the power of a weak gas to the extent c^ 
nearly 25 per cent., by absorbing the illuminating hydrocarbons. 



Varnish to Prevent the Escape of Oas through Indid-ruhher Tubing, 

1§ parts treacle. 
2 „ gum arable. 
7 „ white wine. 
8) „ strong alcohol. 

First dissolve the treacle and gum in the white wine, and afterwards 
add the alcohol very slowly, constantly stirring the mixture to prevent 
the gum from being thrown down. 



HANDY BTJLE 

For Estimating {Approximately) the Number of Burners required io 
Light ChurcMS, FubUc HallSf and other Large Buildingt. 

Etjle. — The floor area in feet divided by 50 for common gas, and by 
70 for cannel gas, will give the number of flat-flame burners required 
for effective lighting. 

Example. — A room is 80 feet long and 56 feet wide. What nnmber 
of burners is required? Then — 

4480 
80 X 56 ^ 4480 sq. ft. area "50"= say 90 burners with oommon gas 

consuming 5 c. ft. per hour each. 

4480 

=s&y 60 burners with cannel gas, consuming 4 c. ft. per hour each. 



70 
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TABLE, 
Shovnng the Loss of Light per cent, through Shades or Globes. 

(Mr. W.King.) Low ol Light 

percent. 

Clear glass , 10*67 

Ground glass (entire surface ground) 29*48 

Smooth opal 62*83 

Ground opal . 66'85 

Ground opal, ornamented ^ith painted figures, the 
figures intervening between the burner and the photo- 
meter screen 73'98 



TABLE, 



Showing the Amount of Light Obstructed by the Use of Globes or 

Moons. {Mr. A, H. Wood.) 

Light obstructed by a clear glass globe about 12 per cent. 

y, „ a clear globe with slightly 

ground flowers .... 
globes of about the usual pattern 
globes ground all over .... 

opal globes 

painted opal globes 

common window glaHS .... 
























„ 24 




„ 35 




n 40 




„ 60 




„ 64 




» 9 





TABLE, 

Sliowing the Loss of Light through fiat Sheets of Glass of different 
Qualities and Colours. {Mr. F. H. Stored', U.S. America.) 

Description of Glass. Thickness of Glass. ^ plr^'cent ^'* 

Thick English plate • . . . I of an inch 6*15 

Crystal plate I „ 8-61 

English crown | „ 1308 

Double English window glass . | „ 9*89 

Double German* „ . . i „ IS^OO 

Single German „ . • iV „ 4*27 

Double German, ground . . . | „ 62*84 , 

Single German „ . . . t^h „ 65*75 

Berkshire (Mass.) „ . . . i\, „ 62*74 

Berkshire enamelled — i. e., 

ground only upon portions 

of its surface — small figure . -{i,, of an inch 51*28 

Orange coloured window glass. t\j • „ As used 34*48 

Purple „ . . . . i „ for 85*11 

Buby „ . . . . i^B ,» church 89*62 

Green „ . . . . ^^ „ windows, &c. 81*97 

A porcelain transparency . . j-^ „ 97*68 

* Among the Boston dealers, the term " German '* is applied to g^ass of Belgian 
manufactnifie. 
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The results of the experiments with globes given in the foregoing 
tables were obtained with the light in a direct line with tli^ photometer 
disc, and with the defective moons or globes formerly in use, having 
narrow openings at the bottom. With the improved globes of the 
present day, the bottom opening of which are 4 to 5 inches diameter, 
the results more'" recently obtained by Mr. F.W. Hartley dider from 
those detailed. 

In 1880, Mr. Hartley carried out a series of experiments with ground 
and plain glass* of' various kinds, both flat and rounded on their surface, 
and with the lighting horizontal and overhead.* These experiments 
are interesting and valuable, but the details are too lengthy to be 
given, even in outline, here. The genierol conclusion, however, at 
which Mr. Hartley arrived is as follows : — 

HoBIZONTAIi LlOHTING. 

Sheei Glass. 

1. That ordinary sheet glass, apart from thickness, varies in its 

obstructive power to- the passage of light. That the perceniaff& 
loss increases with the distance of the glass from the flame, and 
increases also as the Ught grows stronger. 

2. That ground sheet glass, apart from thickness, also varies in 

obstructive power. That the percentage loss increases with 
the distance of the glass from the flame, and decreases as Uie 
liaht grows stronger. That the percentage loss depends on 
which side, clear or ground is presented to the flame. 
8. That with flashed opal the losses follow the same law as ground 
glass for distance from and for power of light. 

4. That with clear glass as an obstructor of light in front of the flame 

and clear glass behind as a reflector of light, the reflected light 
reduces the loss to a degree dependent on the distance of each 
glass from the flame. 

Globes. 

5. That a clear glass globe obstructs light from an Argand flame, 

but increases .the sensible light fxom. aflc^t flame. 

6. That globes, of ground glass obstruct less light than sheets of 

ground glass. .That the jpercentage loss diminishes as the 
light grows stronger; and is, for an average light, from 18 to 
20 per cent, . . 

7. That opal globes. obstruct an amount of light equal to 88 to 65 

pfer cent. 

OvEBHEAD Lighting. 

8. That the amount of light yielded by a flams in an angula/r ddric- 

tion is much less than it yields in a horizontal direction. 

9. That glass globes .with eleva;lied or overhead Argand flames reduce 

the power of the light — clear globes, about 3 per cent. ; ground 
globes, about 21 per cent.; and albatrine glooes, about 28 per 
cent. 
10. That glass globes with flat-flame burners, at a certain elevation 
and within a certain radius, increase the power of the light—- 

* ** Observationa on Glass as an Obstruotor and Befleotor of Artificial lii^t," 
by F. W, Hartley f A. Inst. C.E., Journal o/ Gcw Lighting, January, IBSU 
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clear globes, about 6 per cent. ; ground globes, about 9 per cent. ; 
alba4inne globes, about 23 per cent.; and German opal globes, 
about 21 per cent. 

11. That reflectors greatly increase the power of the light, within ft 

radius dependent on the shape and size of the reflector; Uie 
range in the experiments being from &2 to 92 per cent. 

12. That screens at the base of an Argand flame cause a reductioof 
■ in the power of the light,, whatever be the size and form oi the 

reflector. 



LEAD AND COMPOSITION PIPES FOR GAS. 

Weights per Yard and Lengths usually Manufactv/red, 

Light. ' Heavy. 



Diameter 
Inside. 

} inch. 

I 

I 

1 

U 

2 






Weight 

per 

Yard. 

lbs. oz. 

lli 

1 2 

2 

2 4 

3 3 

4 8 
8 

12 
18 



Lengths of 
BohdleB 
usually 
Manufactured. 
80 yards. 
60 
32 
25 
23 
26 
16 
10 
5 



I) 

it 
» 

>» 



M 



i> 



Diameter 
Inside. 

J inch. 



i- 

1 

u 

2 



Weight 

per 
Yard, 
lbs. oz. 
16 

1 -ei 

2 10 
•3 
8 12 
6 
10 
14 
21 



Leng^s of 
Bundles 
usually 
Manufactured. 
67 yarda. 
46 



26 
20 
19 
20 
12 
9 
5 






»» 



BRASS TUBE, PLAIN— WEIGHT PER FOOT. 



Diiaoneter. 
Inches. 
l-4th . 
d-16th8 
S^ths. 
7-16thB 
Ibalf. 
9-16ths 
ihdths. 
Mths. 



Weight. 



lb. 

08 or 

16 

19 

21 

26 

31 

37 

43 



oz. 
1-28 
2-40 
3-04 
3-36 
400 
4-96 
6*92 
6*88 



Diameter. Weight. 

Inches. Ibe. oz. 

7-8ths -60 or 8-00 

1 inch. 

IJ 
li 
li 
2 

2^ 
3 



»> 



•69 


9^44 


•81 


12-96 


100 


1600 


112 


17-93 


1-26 


20-00 


1-50 


24-00 


1-87 


29-92 



The tize of brais and copper tube is measured by the outside diameter. 



BRASS TUBE, SPIRAL AND FLUTED— WEIGHT PER FOOT. 



Diameter. 
Inches. 
3-8ths . 
7-ldths 
Ibalf . 

6-8thB . 



Spiral, 


Fluted, 


Weight. 


Weight. 


oz. 


oz. 


. .3 


. . . 2i 


. .. 3i 


. . . 3i 


. . 3i 


. . . 3i 


. . 4i , 


. . . 4 


. . 5 . 


. . . 6 

• 



Diameter. 
Inches. 
3-4ths , 
7-8tbB . 
linch •. 

U 
M 



)> 



M 



Spiral, 

Weight. 

oz. 

. 6 
.•7i 
. 9 
. 12 
. 16 



Fluted, 
Weight. 

oz. 
. 6 
. 7 
. 8 
. H 
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SOLDERS. 

Fine Soldeb is an alloy of 2 parts of block tin and 1 of lead (melts at 
860° Fahr.). This is used for fine work, such as soldering the drams of 
meters, for pewter, &c. 

Glazing Soldeb. — Equal parts of block tin and lead. Used for lead. 

Plumbino Soldeb. — 1 part block tin, 2 lead. For all kinds of plum- 
bers' joints, and for tin and zinc. 

Soldeb fob Ooppeb. — ^Hard: 8 parts brass, 1 zinc. Soft: 8 brass^ 
1 zinc. 

Bbazino Soldeb ob Spelteb. — ^Hard : 1 part copper, 1 zinc. Soft : 
4 parts copper, 3 zinc, 1 block tin. For fine brass work : 1 part silver^ 
8 copper, 8 zinc. 

Soldeb pob Steel. — 19 parts silver, 8 copper, 1 zinc. 

Pewtebebs* Soft Soldeb. — 2 parts bismuth, 4 lead, 3 tin. Com- 
mon : 1 part bismuth, 1 lead, 2 tin. 



FLUXES FOR SOLDERING. 

Iron and steel Borax or sal ammoniac. 

Tinned iron Resin or chloride of zinc. 

Copper and brass . . . . . Sal ammoniac or chloride of zinc. 

Lead and composition pipes . Resin and sweet oil. 

Zinc . Chloride of zinc. 



FOR TINNING BRASS OR IRON. 

ii oz. muriatic acid, 
i oz. mercury. 
^ oz. ground block tin. 
Mix together, and dilute the whole with a small quantity of cold 
water. Apply with the finger or a cork. 



BRAZING. 

The edges of the articles, either iron or brass, to be brazed are scraped 
thoroughly clean, covered with the brazing solder or spelter in the 
form of borings or turnings sprinkled over with powdered borax, and 
exposed to the heat of a clear fire till the solder flows. A smokeless 
coke or gas fire is best for the purpose. In brazing iron, a covering of 
loam is sometimes placed over the solder, to exclude the air, tifi it 
melts. 

BRONZE. 

1 quart common vinegar. 

2 ozs. sal ammoniac. 

1 oz. blue stone (sulphate of copper). . 

The sal ammoniac and blue stone are well pounded, and then allowed 
to dissolve in the vinegar. The solution, when ready, is laid on with a 
conanon brush, black-leaded whilst damp, and then polished. liacqner 
js tbeu applied aa described hereaiter. 
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Oreen Bronze. 

To imitate the antique. 

1 quart common vinegar. 

2 ozs. verdigris. 

1 oz. sal ammoniac. 

Boil for for a quarter of an hour, filter through i)aper, and dilute with 
wfkter. Immerse the article to he hronzed until it acquires the green 
tinge desired ; then wash carefully, and dry in sawdust. 

Bronze Powders. 

These can he purchased from any dealer in artists' material. They 
are prepared as lollows : — 

Copper Bronze Powde7\ 

Strips of copper are dissolved in nitric acid in a glass vessel, and 
then, strips of iron are added, when the dissolved copper is precipitated 
in the form of a very fine powder. This powder is washed with water 
and dried, and is then ready for use. 

Gold Bronze Powders or Aurutn MosaiciMn, 

Is the basis of man^ bronze powders. Any desired colour can be 
produced by mixing it with the common dry pigments. Thus, a red 
Bronze powder is ootained by grinding^ red lead with it ; and a green 
by the use of verdigris. It is prepared m the following mannfer : — 

One pound of tin is melted in a crucible, and then poured cau- 
tiously into an iron dish containing half a pound of mercury. 
When cold it is reduced to powder, mixed with seven ounces of 
flowers of sulphur, and eight ounces of sal ammoniac, And tri- 
turated in a mortar. The mixture is then calcined in a flask ,^ 
which expels the sulphur, mercury, and ammonia, and leaves a 
residuum in the form and colour of a bright flaky gold powder. 

Size for Bronze Powders. 

The size is made by boiling four ounces of ^yxm animi to every 
pound of pure linseed oil in a flask, until the mixture is of the con- 
sistency of cream ; after which it is diluted with turpentine as required. 

The article to be bronzed is coated, by means of a soft brush, with 
this size ; and when nearly dry a piece of soft leather is' wrapped round 
the finger, dipped into the powder, and rubbed gently over it ; or it 
may be laid on with a camel's-hair pencil and . then left to dry 
thoroughly ; after which all the loose powder is brushed off. 

The oronze may also be mixed with a strong solution of isinglass, 
and applied in the moist state, like vArnish, with a brush. This latter 
mode, however, is not suitable for articles exposed to the weather. 

For Silvering Metals . 

Nitrate of silver 10 parts. 
Common salt 10 „ 
Cream of tartar 30 „ 

Moisten with water when r^ady to apply, and lay the mixture on 
with a soft brush. 
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LACQUER AND VARiaSH. 

The solution of spirits of wine and shellac, known as " simple pale" 
lacquer, is the basis of most other lacquers. The two ingredients in 
their proper proportions, as stated below,' are i)ut into a jar or bottle, 
And allowed to remain for forty-eight hours, being briskly shaken three 
or four times during the interval. At the expiration of the tdme 
named, the most of the shellac will be dissolved. The mixture is then 
carefully strained through filtering paper, to free it from grit and other 
foreign substances, and to remove any particles of undissolved shellac 
that may remain. 

Different tints or shades, producing red, green, yellow, &c., are 
obtained by mixing with the pale lacquer various colouring ingredients, 
such as dragon's blood, arnotto, gamboge, turmeric, safEron, &o. The 
proper wav of adding these is to stir them in a cup with a small 
quantity of the pale lacquer, afterwards straining the whole through a 
piece of thin cloth or gauze, and filtering if necessary. 

The article to be lacquered is heated slightly by means Of a Steam 
kettle or stove ; or it may be held over a hot iron plate till just as hot 
as to allow of its being touched by the finger without burning. The 
heat must not be greater than this. The lacquer is then applied with 
& soft camePs-hair brush, I 

Simple Pale Lacquer. 

1 pint of spirits of wine. 
4 ozs. of shellac. 

Fine Pale Lacquer. 

1 pint of spirits of wine. 
1 oz. of pure white shellac. 

1 dr. of gamboge. 

2 drs. of Cape aloes. 

Fine Pale Lacquer j for Silvered or Tinned Work. 

1 pint of spirits of wine. 
1 oz. of pure white shellac. 

Gold Lacquer, 

1 pint of spirits of wine. 
8 ozs. of shellao. 

§ oz. of turmeric. 

2 drs. of arnotto. 
2 drs. of safhron. 

Deep Gold Lacquer, 

1 pint of spirits of wine. 

8 6zs. of shellao. 

j^ oz. of turmeric. 

4 drs. of dragon's blood. 

Bed Lacquer. 

1 pint of spirits of wine. 

4 ozs. of snellac. , . , 

4 drs. dragon's blood. 

1 dr. of gamboge. . . ■ k 
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Yellow LadqiMr. 

1 pint <>f spirits of wine. 

2 OZ8. of snellao. 

2 drs. of gamboge. 
4 drs. of Cape aloesi 



Qreen L<icquerfor Bronze, 

1 pint of spirits of wine. 
4 ozs. of shellac. 
4 drs. of tumeric. 
) dr. of gamboge. 



Iron Laoqiter. 

1 quart of turpentine. 

1 lb. of asphalte. 

2 ozs. of shellac. 



To Clean Old Brass Work for Lacquering, 

a strong lye of wood ashes, and strengthen with soap lees ; pat 
brass work, and the old lacquer will come off. Next, dip it in a 
n of nitric acid and water, strong enough to remove the dirt ; 
b inmiediately in clean water ; dry well, and lacquer. 



Va/mUhfor Iron Work* 

a quantity of gas tar for four or five hours, till it runs as thin 9» 
add one qua^ of turpentine to a gallpn of the tar, and boil 
r half hour. Apply the varnish whilst hot. 



Golden Varmah, 

erize 1 drachm of saffron and ^ a drachm of dragon's blood, and 
iJR into 1 pint of spirits of wine. Add 2 ounces of gum shellac 
Irachms bi Soccbtrine aloes. Dissolve the whole by gentle heat. 
• painted work, varnished with this mixture, will appear almost 
>o gold. 

Varnish for Outdoor Wood Work. 

together one gallon of gas tar and 2^ lbs. of white copperas, 
wmlst hot. 

Glue Cement to Besiat Moisture. 

1 part glue. 

1 part black resin. 

i part red ochre. 

with the least possible quantity of water. 
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PUBLIC ILLUMINATIONS. 

In provincial towns the Gas Manager is asnally called upon 
arrange and superintend the illuminations that take place to celebr 
any great national or local event. On such occasions the follow: 
particulars will be found useful : — 

Mode of Supply and Price of Gas, 

Illumination devices are generally supplied with gas direct from 
main, without the intervention of a meter to register the consumpti 
Where the Illuminations are anything like universal, the fixing 
meters is altogether impracticable. 

Taking the consumption of each jet* to be at the rate of one cu 
foot of gas per hour, which is a fair average, including loss by leakages 
trial lighting, the following will be the rate of charge according to < 
price per 1000 cubic feet : — 

At 6s. 6d. per 1000, '078 of a penny per jet* per hour. 
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*By the term "jet," as here used, is meKii.t\ihe «ma^ jsiBAl\Q.\a^ o.! each he 
dtilJea or punched in the pipes fonoing the diftetenX ^ernQft,%. 
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^hen the ordinary No. 1, 2, and 3 fishtail burners are employed, the 
Lsumption may be reckoned at the rate of 3, 4, and 5 cubic feet per 
ir each respectively, and charged accordingly, 
t is proper to stipulate that no Illumination should amount to less 
m 25s. or 30s. 

Service or Supply Pipes, 

t is a common rule for the gas company to convey at their own cost 
arvice-pipe from the main, and from 8 to 12 feet up the front of the 
Iding to be illuminated, provided the whole length of pipe required 
;s not exceed 36 feet. A charge is made for any additional length. 
e expense of fixing the devices in their position is also charged. To 

end of the pipe in front of the building a stop-cock is attfM;hed for 
itting ofif or regulating the supply of gas. 
Jare should be taken to have the pipes of ample capacity, otherwise 

Illumination will be poor and ine£&ctive. 

Vhen the building to be illuminated is large, it is advisable to run 
a service-pipe at each end, and one in the centre, connecting them 
ether in front ; each pipe, of course, having a distinct connexion 
h the main in the street. 

'he service-pipes are temporary only, being lent by the gas company, 
I are removed by them when the Illuminations are over. 

Devices. 

'he devices are paid for by the private inhabitants or the local 
horities, or by both, as the case may be. 
'hey may consist of — 



bial, letters, single-lined — thus, &— and double-lined — thus, AV 



Mottoes — straight, curved, or circular. 

Lanterns with coloured devices. 

Laurel Scrolls. 

Garlands.' Festoons. 

True-lovers' Knots. 

Masonic Emblems. 

Eight-pointed Stars. V 

Brunswick Stars. 

Crescents. Crosses. 

Pluines. Aureoles. 

Crowns. Shields. 

Heraldic Crests. 

Corporation Arms. / 

ler devices suitable to the particular occasion. 



Figs. 84 to 99; 
on pages 240« 241. 
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Fig. 98. 



?he devices are made by the manufacturers ot gas-fittings, wrought- 
a tubing, and others, and are supplied to gas authorities and the 
de at about the following prices, net : — 



vgle-Uned Letters, in Iron or Copyer, fitted with Strong Union 

Couplings . 



liength of Letter 
18 inches 
24 
90 
36 
42 
48 
64 
60 



Size of Inlet. 


iths 


inch bore . 


i 




i 




i 




h 




h 




2 




1 





Price, 
lis. Od. each. 

12 6 

13 6 
16 
18 
21 
26 
90 ' 



')ouble-lined Letters^ in Iron or Copper, fitted with Strong Union 

Couplings, 

iiigth of Iietter. 
18 inches 
24 
30 
36 
42 
48 
64 
60 






Size of Inlet. 


gths 


inch bore 


i 






h 






h 






2 






2 






1 






1 









Price. 


12s. 6d. each. 


15 


„ 


17 


6 „ 


20 


„ 


24 


„ 


28 


„ 


33 


„ 


4S^ 


^ « 
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Brunswick Stars and Stars with Eiqht PointSy made of Wrought-Iron 
Welded Pipe, and fitted with. Strong Union OowpUngs. 



Diameter. Size of Inlet. 



3 
4 
5 
6 

7 
8 



feet . 


. 1. inch bore . 




. li ,, 




. li „ . 




. li ,, . 




. li „ 




.2 „ . 



Price with 
Star Centre. 

JB B. cL 
.200 
. 2 12 
.366 
. 4 16 
.636 
.770 



Price with 
Shield Centre. 
Jg B. d. 
2 3 . 

2 16 . 

3 10 . 
6 0. 

6 10 . 

7 16 . 



Price with 

Plame Centre. 

£ 8. d. 

2 17 

3 10 

4 5 

6 16 

7 6 

8 10 



Crowns and Plumes cost about one-third more than Stars. 

Scrolls, Garlands, Heraldic Crests, and other devices, at prices 
varying according to the elaboration of the design. 

Wrought-iron pipes, drilled, and with Star jets inserted, are supplied 
at about the ordinary list price. 

The devices may be "home-made," and if so will be less expensive; 
but unless constructed by skilled and tasteful workmen, tney will 
present a scraggy, irregular appearance when lighted up. 

IHuminated Borders. 

A very pretty efiect, easily managed, and one that gives a rich fulness 
to the central Illumination of a building, is obtained by running 
wrought-iron tubing along the principal angles, with holes drilled in 
the tube at distances of about 6 inches apart, and having small jets or 
star burners inserted. The burners ma;y be placed wider ajHbrt,. and 

f lobes made use of. These prevent the Ughts from bein^ extu^oished 
y the wind, and also heighten the general efiect. In this case a dofot 
piece of brass tube, with elbow socket and gallery, must be inserted. 
Globes ground all over, or white opal globes, show to the best advantage. 



COLOUKED FIEES. 

A display of Coloured. Fires, at intervals, from prominent points of 
elevation, adds greatly to the efiect of an Illumination. 

The following are some excellent recipes for their produotion i*— 

LiUic Fire. 

Qs. Drms. 

Chlorate of potash 49 parts, or 7 18 

Sulphur . 26 „ 4 

Chalk 20 „ 3 3 

Black oxide of copper 6 ^ 1 

This composition weighs 1 lb., and costs 2s. 3d. 

Purple Fire. 

Oz. DnuB. 

Chlorate of potash 43 parts, or 6 14 

Nitrate of potash (saltpetre) 22^ „ 3 10 

Sulphur 22J „ 3 10 

Black oxide of copper 10 • „ 1 9 

Black sulphide of mercury (Ethiop's mineral) 2 „ 0.6 

Weight, lib,', cost, 2s. 8d. 
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Bltie or Bengal Fire. 

Oz. Drms. 

Brr mtrftte of potluth •. . . 6 parts, or 10 10) 

StOphtir 2 „ 8 9i 

Tersulpliide of aDtimony . 1 „ 1 12 

Weight, 1 lb. ; cost, Is., or, 

Oz. Drms. 

Ammonic sulphate of copper 8 parts, or 8 8 

Chlorate of potash 6 „ 6 7 

SheUao 1 „ 11 

Weight, lib.; cost, 3b. 3d. 

Green Fire. 

Oz. Drxns. 

Nitrate of baryta 77part8,orl2 6 

Stdphnr 18 „ 2 1 

Chlorate of potash 6 „ 18 

■Charcoal or lamp black 3 „ 8 

M«tal1k> arsenio 2 „ 6 

Weight, 1 lb. ; cost, Is. 6d., or 

Oz. Drmt. 

Nitrate of baryta Oparts.orlO 10 

SheUac 3 „ 3 9 

Chlorate of potash U n 1 13 

Weight, 1 lb. ; cost. Is. 6d. 

Yellow Fire. 

Oz. Drms. 

Nitrate of soda 75parts,orl2 

Sulphur 19 „ 3 1 

Charcoal or lamp black 6 „ 15 

Weight, 1 lb. ; cost, Is. 6d. 

Crimson Fire. 

Oz. Drms. 

Kitrate of strontia 80parts,orl0 

Sulphur 22i „ 2 14 

Chlorate of Mteh 20 „ 2 8 

Charcoal or lunp black 6 „ 10 

Weight, 1 lb.; cost, Is. 6d. 

Bed Fire. 

0%. Drms. 

Nitrate of strontia 40parts,orl0 

Sulphur 13 „ 3 2 

Chlorate of potash 6 „ 1 3 

Charcoal or lamp black 3 „ 11 

Sulphide of antimony 4 „ 1 

Weight, 1 lb. ; cost. Is. 6d., or 

Oz. Drms. 

Nitrate of strontia 9 parts, or 10 10 

SheUao 3 „ 3 9 

Chlorate of potash 1) „ 1 13 

Weight, 1 lb. ; cost, Is. 6d. 
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WhUe Indian Fire. 

Nitrate of potaab 31 paitB, oi 

Snlphnr 7 „ 

Solphide of arBenic (Realgar) 2 „ 

Weight, lib.; cart, Is. 



The ingredient!! should be reduced to the Guest pon'deF (exoepUiig 
the Bhellac, which should odI; be beaten into HDmll (ragments) by 
bruiaing them in a mortar made at bv^ wood, tbe eliloTate of potAsh 
beins ground Beparately. They should then be intimately miied 
togewer, by paaaing them three or four timea thnnigh a hur slen. 
Wneu mixed, keep the material in a close stoppered bottle, to prevent 
spontaneous combustion. All the ingredients must be perteoUy dty to 
ensure success. 

The mixtures are best fired in hemispherical dishes or ladles, made 
of beaten-iron, about 6 inches diameter and 2} inches deep in th« 
oentre. The fumes arising from the different fires should be avoided. 

A pound in weight of any of the mixtures is sufficient tar a flt 

(though any qus-'-' ..---- 

2b. Sd. each. Tb 
•ud druggist. 



ILLUMINATING POWEE. 

For testing the illuminating power of gas in acoordance with tii» 
statutory provisions, the Bunseu photometer is used, and tbe Iiethebj' 
Bimsen form of the apparatus. Fig. 100, is that generaJly adopted. 




of which weigh 1 lb., taS ^ 



I. 100. 



Tlie standard candle is a sperm candle, 
each boroa 120 grains of ^rm per hour. 

The gas is supplied through an experimental meter, and bums st 
one end of a graduated bar. and the candle at the other; a movible 
disc of prepared paper being placed between the two. 

This disc, which is contamed within a. sliding box or carriage, fltttl 
with two J^fleolors, is -moved between the two lights nntil its o^xwle 
aidea are egually illuminkted, wbc(tea.pou ihia iUumiuating power ol tto 
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f;«8 is read off by the operator on intapection of the fignres on the 
ipraduated bar. 

The bar is graduated in accordance with the law that lights which 
equally illuminate an object are to each other as the square of their 
distance from such object. Thus, assuming that the distance from the 
<iisc to the gas flame is 80 inches, and to the candle flame 20 inches, 
then 80» = 6400, and 20a = 400, or as 16 to 1, the illummating value of 
the gas as compared with the candle. 

The following apparatus are also required, viz. ; — ^A governor to 
regulate the gas pressure; a olock striking every minute; a King's 
pressure-gauge; a candle balance and weights; a thermometer ana a 
■oarcMxietea:. 

The apparatus is arranged and fixed on a substantially made table, 
placed in the photometer room. This room may be convenientiy 
made about 10 or 12 feet square, and should to ventilated; but 
«iiZTBnt8 of air which would affect the steadiness of the gas and candle 
:flameB must be guarded against. Provision is made to exclude the 
dajUght, and the walls are coloured a dull black. 



Statviory Begulations for Testing the Illuminating Power of G?<m. 

The provisions in Schedule A of the Gas-Works Clauses Act, 1871, in 
regard to the apparatus for, and the mode of testing the illuminating 
power of gas, are as follows : — 

Begulations in respect of Testing Apparatus. — The apparatus for 
testing the illnminating power of the gas shall consist of the improved 
iorm of Bunsen's photometer, known as Letheby*8 open 60-inch photo- 
meter, or Evans's enclosed 100-inch photometer, together with a proper 
meter, minute clock, governor, pressure gauge, and balance. 

The burner to be used for testing the gas shall be such as shall be 
prescribed. 

The candles used for testing the gas shall be sperm candles of six to 
the pound, and two candles shall be used together. 

Mode of Testing for lUuminating Power, — The gas in the photo- 
iheter is to be lififhted at least fifteen minutes before tiie testings begin, 
and it is to be kept continuously burning from the beginning to l^e 
«ad of the tests. 

Each testing shall include ten observations of the photometer, made 
^t intervals of a minute. 

The consumption of the gas is to be carefully adjusted to 5 cubic 
^t per hour. 

The eandles are to be lighted at least ten minutes before beginning 
each testing, so as to arrive at their normal rate of burning, which is 
^hown when the wick is slightly bent and the tip glowing. The 
Stendard rate of consumption for the candles shall be 120 grains each 
per hour. Before and after making each set of ten observations of the 
t>hotometer, the Gras Examiner shall weigh the candles ; and if the 
QombiiBtion shall have been more or less per candle than 120 grains per 
bonr, he shall make and record the calculations requisite to neutx-alize 
the efieots of this difference. 
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Th9 average of eaoh set of ten observationB is to be taken as repre- 
senting the illuminating power of that testing. 



Instructions of tlie London Gas Referees as to the Times mnd Mode of 

Testing for. Illuminating Power. 

The testings for illuminating power shall be three in number daily. 

The photometers to be osea in the testing plaees shall be we 
improved forms of the Bunsen photometer, prescrioed and certified by 
the Keferees. 

The burner attached to the photometer shall be a standard bnmer 
corresponding to that which has been deposited with the Warden of 
the Standards in accordance with Section 37 of the Gaslight and Coke 
Company's Act, 1876. A description of the standard bnmers to be 
nsed for testing common gas and cannel gas respectiyely ia gi^en. 
(See page 248.) 

The gas in the photometer is to be kept burning for at leaat fifteen 
minutes before any testing is made. 

The disc used m the photometer shall be of the kind known as the 
Bunsen disc, and shall be changed at least once a week. The ohinmeys 
are to be cleaned daily. 

The candles shall be such as are described in Section 25 of the 
Metropolis Gas Act of 1860; namely, sperm candles of six to the 
pound, eaoh burning 120 grains an hour. Two of these candles shall 
be used together. 

Each testing shall consist of ten observations of the photometff, 
made at intervals of one minute. 

The rate of burning of the gas in each burner shall be 5 cubic feet per 
hoiir, — a rate of consumption which is shown by the long hand of tb^ 
meter making exactly one revolution per minute for several minuteB^ 
consecutively. 

The caudles are to be lighted at least ten minutes before the begin- 
ning of each testing, so as to have attained their normal rate of 
burning. Before and after making each testing the Gras Examiner 
shall weigh the candles; and if the rate of consumption p«r candle 
shall not have exceeded 126 grains per hour, or fallen short of 114 
grains per hour, he shall make, and record in a book to be kept for the 
purpose, the calculations requisite to neutralize the e£[eots of this 
difference. 

If the rate of consumption shall have varied from the prescribed 
rate beyond the above-named limits, the testing is to be rejected and a 
fresh testing made. 

The Gas Examiner, shall, at least once a week, compare the meter- 
clock with the standard-clock in each testing place. 

At the time of each testing the Gas Examiner shall observe and 
record the temperature of the gas, as shown by the thermometers 
attached to the meters, and also the height of tlie barometer. The 
volumes of the gas operated upon during the testings may be corrected 
from these data (the standard of comparison being, for the bai^umeter, 
80 inches ; and for the thermometer, 60 degrees) by means of the TaUe. 
(See pages 260 and 261 .) Suppose, for example, the thermometer ataiids at 
04 degrees, and the barometer at 30*3 inches : multiply the qaantity cf 
gma conaumed by the corresponding tabular number — the product will 
Be the corrected volume of the gaa — i.e., th.e volume tiie gaa ironld 
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iAV&ooont>i«d whMi meMored over water at the standard temperattire 
ind pressure. Thus : — 

Volume of gas consumed Soubiofeet. 

Tabular number for barometer and thermometer 1'026. 

Then 1*026 X 5 = 6'125, the corrected volume. 

Instead of th\is correcting the volume of gas consumed, the same 
»bjeot may be attained by dividing the observed illuminating power 
Yf the tabular number, or in the manner described on page 120. 

The Gas Examiner shall record his observations and calculations 
or determining illuminating power in the form prescribed on page 249. 

■^nie oalonlations for working out 'the corrections, <feo. for the illumi- 
itttiDg power of the gas proceed in the following manner : — Add the 
^bfltfrmtions together ana divide the sum by 10 to get the average; 
hen, as two candles are used, multiply by 2, to get the illuminatuig 
K)wer of the gas if tried against one candle. Then, as the standard 
"ate of consumption of the candles (viz., 120 grains) is to the average 
lumber of grains consumed by each per hour, so is the above-obtained 
lumber to the actual illuminating power. Finally, make the correction 
or temperature and pressure, by dividing the illuminating power by the 



OhiiervaMona — 






1st minute — ^7-8 


Consumption of the 2 candles in 


2nd , 


7-8 


10 minutes, 


'■ 3rd , 


8-1 


:= 41 grains. 


4th , 


, 8-2 


3 


5th , 


, 8-3 




6th , 


8-5 


123 = consumption of 1 


7th , 


8-6 


candle per hour. 


8th ., 


8-4 




9th , 


, 8-3 




• 10th , 


8-6 





10)82-6 



Average,- by 2 candles = 8'26 
• • • 2 



Average, by 1 candle = 16*62 



Standard con- 
sumption 

Correction for 
temp. & pres. 



4966 
8304 
1652 

120)203196 

1026 ) 16933 ( 16*6 = corrected ilium, power 
1026 iu candles. 



6683 
6160 



6330 
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The foregoing oalculatioii can be shortened as f cdlows, which is the 
form prescribed on next page. 
Averagej by 2 oandles (arrived at as 

shown on page 247) = 8*26 

Consumption by 2 candles in 10 minutes 41 grains. 



Tabular number 




826 
8304 




20)33866 




1025) 16933 (16-5 = 
1026 

6683 
6160 


= corrected illmn. 
power in 
candles. 



Fig. 101. 



5330 

The Standard Burner, 

The burner which has been adopted 
as the standard burner for testing com- 
mon gas was designed by Mr. W. Sugg, 
and was called by him " Sugg's London 
Argand, No. 1." 

A full-sized section (here given half- 
size) is appended, in which A represents 
a supply-pipe, B the gallery, C tne cone, 
D the steatite chamber, £ the chimney. 

The following are the dimensions of 
those parts of the burner upon which 
its action depends : — Jnch, 

Diameter of supply-pipes . , . 0*08 
External diameter of annnlftr 

steatite chamber 0*84 

Internal diameter of annular 

steatite chamber 0*48 

Number of holes 24 

Diameter of each hole .... 0*045 
Internal diameter of cone : — 

At the bottom 1*5 

At the top 1-08 

Height of upper surface of cone 

and of steatite chamber above 

floor of gallery 0*75 

Height of ^lasR chimney .... 6 
Internal diameter of chimney . . 1} 

The standard burner for testing cannel 
gas is a steatite batswing burner, con- 
sisting of a cylindrical stem, the top of 
which is divided by a slit of unifonn 
width. . Jneh, 

External diameter of top of stem 0*81 
Internal diameter of stem . . . 0*17 

Width of slit (m 

Depth oi silt 0-16 
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Statement of Teatinga for lUuminaiing Power, 

Date 

•meter Thermometer Tabular Nmnber 



18 



oar. 



vations 
Bn«t 
▼alt of 
uinate. 



Consumption ' 
of sperm by __ 
two candles 
in tenmin. , 

ObservatioM. 



1 

Ist min. 

2nd „ 

8rd „ 

4th „ 

5th „ 

6th „ 

7th „ 

8th „ 

9th „ 

10th „ 



nnltiply 
amber 
led by 
iinber ot 
IS eon- 
by tbe 
«ndleH 
ninntes, 
diTide 

vide by 

mberof 

itesin 

I 40 gn 

'ere 

omed. 







m. Power at 



n 



»> 



dde the arerage 
inating Power by 
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The meters uted for Measuring the Oai Co?ttumed in UaMrtg the 

Varioui Te>tiiig». 
The meters nsed tor meaBnriitR the |^ comtnined In making tlie 
various teetinge, having: been certified by the Befereen, shall, atperiodi 
■ot not leas than seven day b, be proved by the GaB Examiners by tnMlu 
of the Belereefl' oubio-foot measure, — a desoription ot which KppOTBitiu, 
with directions how to use it, ia given below. Should a. meter nhow 
tuiy variation, water mnst be added of withdrawn until the meter is 
'OOrrect. Every teBtin^ place ahall have the aboYe-mentioned apparatiu 

so that the Gas Eiammer may employ it w"" " - ■- "-■ ' 

No meter other than a wet one shaU be u 
these iuBtructions. 

The Gas Befereea' Cabic-Foot Measur, 
Description of the Cubic-Foot MeasuTe; the method of fixing it ; anA 




I ia a veaael in form like an elongated egg, 
iuiLUB of hardened tin about one quarter of an 
iuob thicli, fitted at each end with a narrow 
^ass tube, the joints being made sound with 

At tht __^ _. 
oock, marked oi 

i.iu.ti •rm nf mViii-H ahows the djreotion of a way 

' I aide of this cook 

,, which aerves to 






n the T 



I ordinary position 



1 the 



ajid the tube leading from it to the m 
ia open to the external air ; with the H in this 
poaition (j.j., with the stem pointing to tiie oppo- 
site aide of the oock to that in whidi tlie vent is 
drilled) the nieaanre is open to the meters and 
shut to the air. 

At the bottom of the InBtrument there are two 
oocka : the amall one, when opened, adraite water 
into themeaaure; the larRe one, when opened, 
allows the water to be run oQ. The former of 
these cocks is provided irith a lever-key, in order 
regulate with greater nicety the eutraooe of 



. . an arch (bendinff 

to meet the pipe leading to the meten^i 
: the further end of the arch there ii » 
of slaBB tube, in which a thermometer i( 



AfBzed round ea.cYi ot Uie glass tnbei fitted to 
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the upper and lower part of the measure there is a narrow strip of 
paper, which indicates the exact measure of one cubic foot, as tested 
by the Exchequer standard cubic-foot bottle, — the upper edge of both 
8&ips of paper being the true water-line of the measure. 



II. 

The instrument should be in communication with a tank of water fecD 
1^ a seU-aoting supply. 

The lower water-level of the tank should be even with the top of the- 
strip of paper marking the " full " line of the vessel ; and it is advan- 
tageous that the upper water-level should be below the plug of the- 
three-way cock on the measure. 



ni. 

To verify the meters employed in ascertaining the consumption of 
gas in the photometers, or those employed in the sulphur and ammonia 
tests, the mode of procedure is as follows : — 

Turn the three-way cock at tlie top of the instrument so as to leave 
the vent open to the air ; and shut the large cock at the bottom of the- 
apparatus. Then open the small lever cock, and allow sufficient water 
to llow in to fill the lower glass tube up to the water-line. Then turn 
the upper cock so as to close the vent, while opening the way to the 
meters. 

Next open the cock of the meter which is to be tested — ^taking oare 
that all the other meters are closed to the cubic-foot measure. Note 
the exact position of the index hands, — i.e., both the long hand and the- 
1-foot hand, if it be a photometer meter, or simply the long hand if it 
be a sulphur meter. 

When all is ready, open a communication between the outlet of the 
meter and the air, — at the same time taking care that all the pressure- 
gauge cocks are closed. Then proceed gently to open the small lever- 
cock, and allow the water to ilow into the measare, just fast enough to- 
raise the pressure in the siphon pressure-gauge fixed alongside, and in 
communication with the measure, from half an inch to three quarters, 
l^ils precaution is necessary to prevent the water being blown out of 
the meter by excessive pressure. 

A meter attached to the photometer should make 12 revolutions of 
the long hand, and consequently one of the cubic foot hand, by the time 
the measure is full up to the strip of paper on the upper glass tube. A 
meter connected witn the sulphur test should, in the same time, make 
one revolution of the long hand. 

Should the meter complete the prescribed number of revolutions 
before the measure is fuU, then some water must be removed from the 
meter; if the contrary is the case, then water must be added to the 
meter. The testing is then to be repeated until the meter is found to* 
register correctly. 

The dial of the photometer meters is divided into 50 divisions ; and 
ai each revolution indicates one-twelfth of a foot, e«AYx dx^vKwovv ^Qrci<e.&- 
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diviBioDB represent 1 per c( 

The dial of the lalphnrmetere ii divldsd into 100 [tfuia i MidMeaoli 
complete revolutioD iadicstea one toot, each diTisioD oonseqiieiiUj 
representB 1 per cent. 

The aifterecoe ot an ounce in the quantity o( water in the metora iriU 
make then^ regiater ahout I per cent, either fast or slow. 

When the temperature of the cubic-ioot measure ia higher thkii Om 
temperatDTB at the ontlet ot the meter, the meter (if coneot) will 
register a amaller quantity than has actually jwsaed to it from thr 
meaaure ; when &e temperature of the measure ia lower than that ot 
the meter the quantity registered ought to be greater. 

To fiqS the Tolnme which the meter onght to resieter, when bodIi a 
differeuce of temperature exists, divide the tahnlar number uuiiM 
poudiug to the barometric pressure and the temperature of the cabio- 
n»t measure by the tabular number correspontUng M the barometrio 
:e and the temperature of (he meter. (See Tablea, pp. 250 and 



^f" 



Aa lo the Mode of Toting ih« Preaawe at tchich Go* U Supplied. 

Teatinga ot pressure shall be made by unscrewing 
t}ie governor and burner ot one of the ordinary pubSe 
lamps, in such street or part of a street aa the eon- 
trolling authority may from time to time appt^nt, 
aud attaching in theu- atead a portable presanre 
gauge. 

Eaoh testing place is provided with a gauge pre- 
acrlbed for this purpose by the Retereee, oonaiating 
ot an ordinary ureasure-gauge enclosed in a lantern 
(Fig, 103), which also holda a candle for throwing 
light upon the tubes and scale. The differenced 
level ol^the water in the two limbs of the gauge la 
read by means ot a aUdittg scale, the zero of whid) 
la made to coincide with the top of the lower oelmim 
ot liquid. 

The Gas Examiners having fixed the gmge gM- 
Ught, and aa nearly an possible vertical, on the pips 
ot the lamp, and having opened the cooks of toe 
lamp and gauge, shall read and at once record th* 
-reeaure snown. Ifrom the observed pressure on*- 
rath of an inch is to be deducted to correct for Ok 

difference between the pressure of gas at the top of 

'' \ the lamp-column and that at which it ia suppUed to 

m ^/fVs. ^* basement ot the neighbouring houses. 
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BuLE. — Multiply the number standing beneath the number of grains 
consumed by the candle, and opposite the number of feet consumed by 
the gas-burner, by the illuminating power as read ofE from the scale of 
the photometer; the product is ue correct value of the c^as reduced 
-to the standard of 120 grains per hour and 5 cubic feet per nouTa 



Various Proposed Standards of LiglU, 

The sperm candle has long been considered an unsatisfactory 
standard, owing chiefly to the shade of colour emitted by it differing 
somewhat from that of the gas, and the inequality of its rate of con- 
sumption. 

Various standards of light have been advocated from time to time to 
supersede the candle, but none of these have hitherto been adopted in 
this country. 

The Carcel lamp is the standard in France, the light being produced 
by colza oil burning at the rate of 648 grains per hour. 

Mr. Keates invented a moderator lamp consuming sperm oil, and 
yielding a light equal to ten sperm candies, which he advocated as a 
suitable standard. 

More recently Mr. Vernon Harcourt has proposed the use of a gas 
consisting of " a mixture of air with that portion of American petrdeumt 
which, after repeated rectification, distils at a temperature not exceed- 
ing 122° Fahr. The liquid thus obtained consists almost entirely of 
pentane, the fifth member of the series of ^araffines." Burning at the 
rate of ^ a cubic foot per hour, this gas gives a flaitne which yields a 
light equal to that of me standard candle. 

The most ingenious standard proposed is that of a portion of the ftas 
flame itself. The credit of the conception is shared by both Mr. Fiddes 
and Mr. John Methven, who, unaware of each other's investigationB, 
conducted a series of experiments on the same lines. 

In the course of his photometrical observations, Mr. Fiddes found 
that if a circular hole about i inch in diameter were made at a given 
height in an opaque chimney, and this placed over an argand flame in 
lieu of tiie usual glass chimney, the amount of light passing throufl^ 
the hole was a constant quantity, notwithstanding variations in the- 
iUuminating power of the gas. 

Mr. Methven's researches led him to a similar conclusion, but instead 
of the circular hole, he adopts a vertical slot 1 inch long and ^ inch 
wide, and instead of making this in the chimney, he places an opaque 
screen, witii the slot therein, immediately in front of the light. 

The results obtained by Mr. Methven through an exhaustive seriesof 
experiments with different qualities of gas, approximate in a remark- 
able degree, and, though paradoxical at first sight, it is daily becoming 
more evident that the acceptance of Mr. Methven s light as a standard 
would be a fairly satisfactory solution of the difficulty. Photometrical 
observations, also, are greatly simplified by the ease with which it can 
be used, the saving of time which it effects, and the avoidance of that 
distraction of mind on the part of the operator, which is inseparable 
from the employment of candles. 
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TABLE 






Comparing 


the Specific Gravity of Gas (Air being 1 


•000) with the 




Jlluminatitig Power i?i Standard Sper^n Candles. 


No. of 




Spec 


f No. of 




Spec. 


No. of 


Spec 
Grav 


Cndls. 




Grav. 


Cndls. 




Grav. 


CndlB. 


10 equftl to about 


-380 


20 equal to about -508 


80 equal to about 678 


11 






•392 21 




•522 


81 


•694 


12 






405 22 




•537 32 


1 


•708 


13 






-416 28 




•650 1 38 


1 


•722 


14 






'430 24 




•565 34 




•738 


16 






-448 1 25 




•585 1 85 


1 


•755 


16 






'455 26 




•()05 1 36 




•776 


17 






'468 27 




•625 


87 




•790 


18 






-482 ! 28 




•645 






19 




•496 , 29 




•662 





VARIATIONS IN THE ILLUMINATING POWER OF GAS. 

Most gas managers, in the course of their experience, must have 
obserred variations, sometimes considerable, in the illuminating power 
of their gas, for which they have been unable satisfactorily to account. 
These variations are unquestionably due, to a great extent, to changes 
of atmospheric pressure. When the pressure is augmented tlie lumi- 
noidtv IB increased, and vice versA. To determine this point. Dr. 
Fnmkland instituted a series of important experiments, of which the 
following are the results : — 

Pressure of Air in Observed ' Pressore of Air in Observed 

Inches of Mercury, niominating Power. . Inches of Mercury, niuminating Power. 

18-2 .... 37-4 



282 . . 


. . 91-4 


26-2 . . 


. . 80-6 


242 . . 


. . 73^0 


22-2 . . 


. . 6P4 


20-2 . . 


. . 47-8 



I 



16-9 
14*2 
18-2 
10*2 



29*4 

19-8 

12-5 

3-6 



The diminution of limiinosity follows a fixed and definite law, which 
may be thus expressed : The decrease in illuminating power is directly 
proportional to the decrease of atmospheric pressure. Of 100 units of 
jught emitted by a gas-fiame bumixig in air, 6*1 units are extinguished 
by each reduction of 1 mercurial inch of atmospheric pressure. On 
the other hand, if a lightless flame be made to burn under augmented 
pressure, it becomes luminous. The chief cause of the difference is 
the increase in the volume, and therefore decrease of the density of 
those heavy hydrocarbons to which the luminosity of a gas-fiame is 
attributed when the atmospheric pressure is reduced, and vice vernn. 

TABLE 

Showing the Percentage of Loss of Light hy Mixing Air with Coal 



Per Cent. 
Air. 
1 
2 
3 
4 
6 
6 
7 



Ijobb of Light 
Per Cent. 
6 
11 
18 
26 
33 
44 
53 



Gaa» 



Per Cent. 
Air. 

8 . 

9 . 
10 . 
15 . 
20 . 
530 . 
40 . 



Loss of Light 

Per Cent. 
. .. 58 
. . 64 
. . 67 
. 80 
. . 93 
. . 98 



^^ 
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JET PHDTOMETEB. 
The three foUowin^ insln 



I of pw, thongh tmij ftpproiu 
A nuCGctentl; bnatvoruiy to : 



eoned in their iudiolitau, ue yet m 

them metal and Tklnable aimliuiee bo the more afaatfaite meUlDd li 

teatin^ already described. 

Their great reconunendationB are their portehililiy, and the ease and 
celerity with which the illnminatiiii; power can be aKcrtained by tbor 

Their action dependa cm the relation which the apeeific gravity Ot the 
gi* bears to its iUanuiiatiiig power. The flvne bamg kept at a fp.'mi 
heii^it, Uie pressure reqniied^ and therefore Uw rate ^ Bmnajnptron vf 
the gas will vary according to its density and coueiinent illnminatilij; 

The Jet Fhoicfmxler, 
Lowe's jet photometer, as improved by Sugg and 
affords a ready means ot ascertaining by a ma 
wiieUiPr the gas being prodnced is nniform in qoality. 

consists ot a King's gauge of delicate ctmstroctioii, witb Ka at — . 

scale indicating the pressure. A steatite jet having a fine oiiflaa ii> 
fixed at the top of (his, and tJn'gKt'' K H'' T'g thi™'*'™" '"^ '™"c tiglTtiJI. 
gives a flame which sboiild beooiutantly maintainedatTincbHliri^iC- 
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mMlengtb of the flame is Haertained b; a scale of ioahei marked ou 
the ^kn door and on the back of the photometer. The preHore 
requiTBd to m».infatin the flame at the re^oired height being noted, 

ftfbrcU the mesDa of determminK the illuminatiiiK power ' 

Ib-the aooompanyiiig diagiam. (Fig- 106) , 

Xirkkam and 8 




Sratureal Paint of lunilion of Jet Fholomeler, Bange of3-10l7i3 
of an Inch. 
Fie. 106. 
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For example : — Suppose tbe preHBOTe neccwfti? to give the 7-iiidh 
fisme U 6'4 tetitliB, then on tracing the disgonal line to the point whtm 
il intBFBBcta the vertioal and horizontal IlneB, it will be fonnd that Uta 
reading at the aide gives 17-36 candles as the illuminating power. 

The gas-tap in shown on the right side of the inetranient. The small 



Thin inBtrunieiit is ahowii in Fig. 106, and, ae the name indicates, in 
luted for ascertaining the ilium iiiatiog power ot gss. The mode of 
ihittinjc it in operation is m f ollowa :— Having filled it up to Uie waMr- 




line scratched on tlie glass in the small box on the right Hide, 
<-aimect it to the gss supplj uitb a piect at metal tnbe. ^e inlet 
ii A gronnd union joint fiied iti the centre of the hack of the instrq- 
/iieiit. Tuni tliB lever so as (o make the gai. pass throagh the 
Jaeasariiig-dram, mid let it get n4 q1 ill the sir or other kind ot gaii 
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to the biimer without going through 
Hie nieasnriiig-drum. The lar^e hAiid 
u-ill then Hto}i at 16. Wind np the clock 
by meaUB of the remtmtoir on the top ol 
the meter jnit in the rear of the dial 
Start the clock by tnovinf; the 



Sffi, 



n the left ot the m 
clone to the governor. Then, when the 
hand of the clock is passing on; one of 
the divlHiooH at the minute, change tlie 
position of the lever of the bye-pans, no 
an to make the |^h pass throngh thf 
meter. When the minute hand hati made 
one complete revolution, stop the meter 
by ineanK of the lever, in the manner 
before described, and read o9 the illn- 
minating power. The minute clock should 
not be stopped either before or after the 
observation, nnleae it is desired to put 



the clock ei 







Thai-p and Tatkfr'i Jel Photometer. 

.This ia an ingenious and handy instru- 
ment (Fig- 107), for enabling the illumi- 
nating value of the gae to be aacertaiiied 
from inspection at any time and place. 
It is well understood that the size ot an 
orifice being altered, the quantity of gaK 
passed in a given time will bear a pro- 
portion to the size of the orifice (this i» 
the principle on which the aerorheometer 
is made — a uselul instrument by the 
same inventors for indicating theqnaii- 
tityof gaaoonsumed by different bumerB, 
&c.) ; and further, that the gan tlame 
being maintained at a given height, the 
quantitv o( gaa o( ' -> .< 

A movable or fioati 
tube regi 



ing dis< 



Lting 



ile the 



graduatiouB ot the scale 
indicates the illuminating' 



THE SPECIFIC GRAVITY OF GAS. 

Specific Gravity o. Teit of Qiialitij. 

If coal gas ia free from carbonic acid, sulphuretted hydrogen, and 

air, spooiflc gravity is a proper teat of quality; the deiiner it it thi' 

|i;re&ter will be its illuminatiug power; incrw" "" — '"""'"'" — ^ v..^. 



11 ■«e\(5tA *^!i V«gcV- 
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giving property bein^ due to the presence of a larger proportion oi 
defiant gas and the other richer and heavier hydrocarbons. 

Ordmary Method of Determining the Specific Gravity, 

The apparatus required in determining the speoiflo gravity of gas 
are a thin glass globe of 100 cubic inches capacity, with two stop-cooks 
on opposite sides, a good air-pump, and a ver^ delicate balance. The 
expenmental room should also be furnished with a barometer showing 
the atmospheric pressure, and thermometers indicating the temperature 
both of the air and gas. The method of manipulation is as follows : — 

First. — Open the two stop-cooks ; the globe will then be fvH of air 
at the atmospheric pressure and temperature. Carefully weigh the 
globe while in this state, and make a note of the weight. 

Second. — ^Attach the globe by one of the stop-cooks to the air-pump, 
close the other stop-cock, and exhaust it as perfectly as possible. 
Having closed the stop-cock, remove the globe and weigh it m its ex- 
hausted state. Suppose that it now weighs 31*6 grains less than before, 
then tiiese 31'5 grains represent the weight of the air abstracted. 

Third. — Now attach the globe either to an experimental gasholder or 
to a gas-pillar connected by a pipe to the main, and fill the globe with 
the gas. When full, remove it and weigh it a third time. Suppose that 
the weight is now 14*2 grains more than when in its exhausted state, 
then these 14*2 grains represent the weight of the contained gas. 
Then, as 31'5 (the weight of the air) is to 14*2 (the weight of the gas), 
so is rOOO (the specific gravity of the air) to the specific gravity of the 
gas. Or, divide the weight of the gas by the weight of the air, and 
the quotient is the specific gravity of the gas ; thus — 

14*2 

Q,.i = '460, specific gravity of the gas, compared 

^^ ^ with air as unity, or 1000. 

Dr. Letheby*s Method of Determining the Specific Gravity. 

With Dr. Letheby's apparatus (Fig. 108), the use of 
the air-pump is dispensed with. It consists of a similar 
glass globe, about 6 inches in diameter, furnished with 
two stop-cocks, to one of which is attached a glass tube 
half an inch in diameter and 7 inches long, fitted with 
a jet for burning the gas, and having a thermometer 
inside of the tube to indicate the temperature. The 
other stop-cock can be attached by a suitable nozzle 
to a gas-piUar, and in practice the gas is kept flowing 
through the apparatus, being consumed from the jet at 
the upper end. The exact weight of tJie globe when 
full of air at mean temperature and pressure is engraved 
upon it ; and a coimterpoise weight is provided exactly 
equal to the weight of tne globe when exhausted. 

When it is required to determine the specific gr avHy 
of the gas, the lower or supply-cock is first closed, and 
the upper one immediately afterwards. This order is 
necessary to be observed in the shutting of the cocks, 
because if the upper one were first closed, the gas within 
the globe would be at the pressure of the gas within 
the main, instead of that of the atmosphere. The 
globe is then placed in the balance and a sufficient 
number of grains and iT^AUouoi'^Tts added to the p«9 



A 




JFia, 108, 



GAS ENGINEERS AND MANAGERS. 968 



«ontainin^ the oounteipoise weight to equalize the beam. Suppose 
thttt it takes 15 ffrains, then these represent the weight of the gas, and 
«ay that the g^obeful of air weighs 35 grains, then — 

16 

^=r *429, the specific gravity of the gas. 

Bnt it Is necessary In making such observations to correct the volume 
of gas to mean temperature and pressure, and to allow for the moisture 
present in all a'e'riform bodies in contact with water. To these pointx 
vie following observations apply : — 

Correetiona for Temperature^ Barometric Presawrej and. Moisture, 

Owing to the contraction and expansion which takes place in the 
Iralk of all aeriform bodies, due to the variations in atmospheric tem- 
peiattire and pressure, it is necessary, when estimating and comparing 
their volume, to adopt one common temperature and barometric 
presrare as the standard. The mean temperature of 60° Fahr. and 
So inches of mercury has been adopted as the most convenient, and to 
this standard their volume is accordingly reduced. For example : 

Oorrectunis for Temperature, — All aeriform bodies expand l-480th 
part of their volume at 32° Fahr. for every degree of increase of tem> 
perftture (l-273rd of the volume of the gas at 0° Centigrade for each 
degree of the same scale). Now suppose it is required to ascertain 
vrntkt volume 1000 cubic feet of gas at 68° will occupy at 60° the mean 
temperature. We know by the above-mentioned law that a qtiantity of 
gas which at 32° is 480 parts, wUl at 60° become 508 (60 — 32 = 28 + 480 
= 508), and at 68°, 616 (68 — 32 = 36 + 480 = 516), then— 

1000 X 508 ^^^ , . . 
g|g — = 984 cubic feet. 

Or, again, if it is required to know the volume which 1000 cubic feet 
of gas at 56° will occupy at 60°, then— 

1000x508 

gOl — = 1008 cubic feet. 

Correction for Pressure. — The amount of decrease or increase in 
volume is inversely as the pressure. To ascertain what volume 1000 
cubic feet ot gas at 28*5 inones, will occupy when the mercury stands 
at 90 inches, ine mean barometric pressure, then — 

1000 X 28-5 ._ 1.. ♦ ^ 
5^ = 950 cubic feet. 

Or, again, if it is desired to ascertain the volume which 1000 cubic 
feet of gas at 30*6 inches will occupy at 30 inches, then — 

1000 X 30*6 ,^^ ^. ^ ^ 
— grj = 1020 cubic feet. 

Or, 

Correcting at once for Temperature and Pressure. — Suppose it is 
required to ascertain what volume 1000 cubic feet of gas at 72° tem- 
perature and 29*8 inches pressure will occupy at standard temperature 
ftnd pressure, then — 

^^^Wb^ ^= 970-5 cubic feet. 
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Correction for Moisture. — It has been proved by experiment that one 
cubic inch of permanent aqueous vapour at the mean temperature of 
60°, and the mean pressure of 30 inches, weighs '1929 ^ams, and the 
following; table, founded on the researches of Dalton and u re, and given 
by Faraday in his " Chemical Manipulations," shows title proportion by 
volume of aqueous vapour existing in any gas standing; over or in con* 
tact with water, at the different temperatures indicated, and at a mean 
barometric pressure of 30 inches. 





Proportion 




emp. < 
Fahr. 


)f Vapour in 


Temp. 


One Volnme 


Deg. Fahr 




of Gas. 




40 . 


. -00933 


54 . 


41 . 


•00973 


55 . 


42 . . 


•01013 


56 . 


43 . . 


•01053 


67 . 


44 . . 


. 01093 


58 . 


45 . . 


•01133 


59 . 


46 . . 


•01173 


60 . 


47 . . 


•01213 


61 . 


48 . . 


•01253 


62 . 


49 . . 


•01293 


63 . 


50 . 


•01333 


64 . 


51 . . 


•01380 


66 . 


52 . . 


•01426 


66 . 


53 . 


■01480 


67 



Proportion 




Propoition 


of Vapour in 
One Volume 


Temp. 
Deg. Fahr. 


of VuMmrin 
One voluine 


of Gas. 




of Oas. 


. 01638 


68 . 


. -02406 


•01586 


69 . 


. •0248a 


•01640 


70 . 


. -03665 


•01693 


71 . 


. -02653 


•01753 


72 . 


. -02740 


•01810 


73 . 


. -02830 


•01866 


74 . 


. •02923 


•01923 


76 . 


. -03020 


•01980 


76 . 


. -03120 


•02060 


77 . 


. -08220 


•02120 


78 . 


. 08323 


•02190 


79 . 


. -08423 


•02260 


80 . 


. 08683 


•02330 







To determine by means of this table the quantitv of aaueous vapour 
present, it is necessary to multiply the volume of the gas by the tabular 
number corresponding to the temperature, thus : — Suppose 100 cubic 
inches of gas weigh 16 grains ac the temperature of 72°, and at mean 
barometric pressure, then according to the table the volume of aqueous 
vapour present is — 

100 X 02740 = 2740 cubic inches. 
This corrected to mean temperature will be — 

2-74 X— -4"- -? = 2-677 cubic mches. 
480 + 40 

Now with respect to the volume of the gas, 100 cubic inches at 72^ 
are equal to — 

100 X -^ -^ ^^ = 97-7 cubic inches at a temperature of 60". 
480 X 40 ^ 

Hence, 97^7 — 2^677 = 95^023 cubic inches, the volume of dry gas at 
mean temperature and pressure. 

To arrive at the weight of the volume of dry gas, the volume of 
aqueous vapour must be multiplied by '1929 grains, the weight of a 
cubic inch of permanent aqueous vapour, as before stated, and the pro* 
duct deducted from the total weight of 16 gi^ains ; thus, — 

16 — (2-677 X -1929) = 15^488 grains. 

Then for the weight of 100 cubic inches of dry gas^ we have — 



15-483 X 



95-028 



122 = 16-294 grains. 
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And u 100 cnbiG Incbea of air at meftii temperatare and prMsuTQ 
weigh SI gniaa, wehftve— 

18^ _ .gjg^ thespecLfto^Kniyity-ot-thegM. 

I(, instead ot making the correotion tor raoisture, it is praterred to- 
dry the gas an it pasaes into the globe, thia may be done by oaaBinK it 
to flow through n glaas tnbe hali an inch in diameter and about IB to 
90 inches long, containitij; pieces of c^iloride of oalcium, that Bnbstance 
having a strone affinity tor moietare. Before osing, the chloride of 
Cftlcium ahould be fused in an earthenware crucible at a low tainpers- 
tnre, then poured on a clean atone auriace. and an soon as oold, broken 
in piAces and put into the tube. The gaa in paBtiiiig through the tnbe 
to fill the globe shonld be made to travel slowly, about 16 mmutes being- 



mr. Wright' I Method of Deter, nining the Specific Oravity. 

For ascertaining the specific gravity of gas, Mr. Wright used a light 
■ " "of contaiuinK one cubic foot, or 173S onbic 

directians for performing the experiment 

lel the air from the balloon by folding it In 
irm In which it is first received, ascertain 
eight of the balloon and car, £11 the balloon 
gas, Inaert the stopper, and put as many 
graing' In the car aa will balance it in the air; 
add the nomber of grains which it carries to the 
weight of the balloon, and deduct the amount 
from the tabular number correaponding to the 
degree of temperature indicated by the thermo- 
meter, and the presaure indicated by the baro- 
meter (pp. 250-1). divide the result by the tabular 
Fm. 109. number due to the temperature and pressure of 

the gas (to ascertain which, allow the gas to blow 
npou the bulb of the thermometer until the mercury is stationary)^ 
Bad the three first figores are the specific gravity. 

BX.I>IPI,E I. 

Temperature of the air .... 70°lm u i „v^ nn. 

BntoSeter gg.g j^^ | Tabular number 92i. 

S^'S^i^^™v*^h^«,n ■ ■ ■■ ^R.K^" I Tabular number, 959. 
Jivometer always the same aa air, 28'5 in. | ' 

Weight of balloon and grains in oar, 660. 




93<l -660_ 



■379, the specific gravity. 



* Tbe weights used are not troj ^ains, 100 ot Ihem being equal to 51 
graiiu ; they are eaob eqnal u I'T^e cublo Inebeg ot air, when the baroi 
at M iDobM, BUA the thermometa at 00°, 
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Example II. 

Temperature of the air . . . 40° 

Barometer 80*6 in. 

Temperature of the gas . . . 62° 



Tabular number, 1067. 



xcxixi^cxwuuxx. «^ one Ko,» . . • "- . Tabular number, 1012. 

Barometer always the same as air 30*6 m. ) "*'"**■ "»**""^ i *^*-^ 
Weight of balloon and grains in car, 560. 

Then— 

^^1012^^ ~ '^^^' *^® specific gravity. 



To Find the Weight of any Quantity of Gas in Pounds, the Spec^ 

Gravity being known. 

BuLE. — ^Multiply the quantity in feet by the specific gravity, and the 
product by '0766, and the answer will be the weight of gas in lbs. 

Example. — ^What is the weight of 9400 cubic feet of gas, its specific 
:gravity being '480 ? 

9400 X -480 X 0766 = 345-62 lbs. of gas. 



Sandy Bulefor Ascertaining {approximately) the Weight of Goal Gat 

in a Holder, 

BuLE. — Multiply the number of thotisands of cubic feet contained 
in the holder by 37, and the product will be the weight of tha gw 
in lbs. 

Example. — A holder contains 54,000 cubic feet of gas, what is the 
weight of the gas ? 

54 X 37 = 1998 lbs., approximate weight of the gas. 



THE USE OF GAS FOB COOKING, HEATING, AND MOTIVE 

POWEB. 

The use of gas for cooking, heating and motive power has made 
rapid strides of recent years, and the appliances for these purposes, 
which are of the most numerous and varied kind, are of great excel* 
lenee, whilst improvements are constantly being effected therein. 

For the manufacture of the different apparatus, new industries' have 
sprung into existence. For domestic and greenhouse use there are 
numberless heating stoves of superior design and workmanship, and 
in cooking stoves and ovens there is equal variety. 

The gas engine already successfully competes with the steam motor 
for all purposes where the power required to be exerted is inter- 
mittent, and within moderate limits. 

For handiness in application, and cleanliness and safety in use, gas 
^s a fuel JB unsurpassed. 
Taking its advantages in these Te&v^tA mto account, th«ra is eM- 
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non^ In fta einplOTmeiit even when, as in acatMred diatrictB, its prioo 
per 1000 ODbic 'leet may be considered higb. In towns where the price 
of gas is oompaTatively low, there is b, positive eeoDomy in ita adoption, 
b^ond Um ipeoU] reoommeDdMionB ntuned. 

One of file heet, perhaps the very beat method lA rednoing tb* 
BTOportioo which oapitil eipenditnre in gai works bean to ravenne, 
u to onltivate a day ooDsumption of gas, by aSording facilities lor 
— J .- — In every legitimate way the use o( ga« for cooking. 



i enoraraguig a 

oesting, and motiv 

This poliny, if n 






BToentage of 
Mtbe phot i 



if pareusd to a snooesatnl iasne, is virtually to redaoe 
of capita] in the proportion of such conanmption, 
, nt is brongbt to bear in earning profit during the day- 
li^U M well as in the liKhting hour*. 

The fcrilowii^ eiperimcnta, showing the advantages of cooking by 
meana of gas, are quoted by Mr, William Carr, in his article on this 
mibjeot in " King's Treatise,^' vol. iii., pp. 232-4 :— 



COOKINQ BY MEANS OF GAS. 
Ohbeh, in his work " On the Advantages ot Gas tor 
Cooking and Heating.") 
6ai at 4>. 5d. per 1000 cubic feet. 
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THE EBSmUAL PBODUCTS. 

It is daily beooming more imperative on the Gas Manager to do all 
that in his power lies to promote the interests of the nndert^ing- 
nnder his charge by utilizing the residual products of gas manufacture 
to the utmost extent. 

It is a remarkable fact that there are no waste products in a properly 
conducted gas works. The coke, breeze, tar, ammonlaoal liauor^ 
sulphur, spent lime, retort carbon, and even the clinker and ash from 
the furnaces are all marketable, and therefore of more or less value. 
The spent heat from the retort bench is even utilized where the re- 
generative system is applied. 

Coke and Breeze. 

Coke, as ordinarily produced, is not well adapted for domestic nse^ 
for kitcheners, for use in greenhouses, or stoves in general; and, in 
consequence, its sale is often restricted. To render it suitable fortibiese 
purposes it requires to be broken into pieces of smaller and more 
uniform size. 

Wherever means have been adopted for this purpose, the article has 
been found to command a ready sale ; and instead of mountains of coke 
in every available comer of the works, the material is cleared out 
almost as quickly as it is produced. 

The labour and inconvenience and enormous waste attendant on 
stacking are thus avoided, the premises can be kept in better order, 
and the revenue is augmented. 

For breaking the coke by hand, Mr. Bennett recommends a hammer 
of the form shown in Fig. 110, with a chisel edge at one end, and four 
prongs at the other. 

A machine for breaking coke is made- 
by Messrs. Smith, Beacock and Tannett,. 
of Leeds. This is used by Mr. Sellers 
at the York G«s Works, who gives ^e 
cost, and describes the advantages at* 
tending its use. 

" The engine (a 4-horse vertical) and 
breaker, and fitting up of sune, cost 
£143; being, for the engine, JglOS, tiie 
breaker, i;28, and fitting up, i;7. By 
placing the engine and breaker upon 
one frame, so that both could be moved 
upon one set of wheels, the cost would 
be materially reduced, and the working 
very much improved. The machine, 
when at full work, will break 20 tona 
of coke per day. We have one man to 
look after the engine, and two to feed 
the machine ; but as the first named 
is not fully occupied with the engine, 
he assists the other two in helj^ing 
carters to put the broken coke mto> 
bags, &c., the net cost of all which adds 
9d. per ton to the price. Then in break- 
ing a ton of coke, about 1 cwt. passes 
through the screen, and is sold as breese 
at Is. 6d. per ton, or, say. Id. per cwt. The real result, therefore, of 
breaking coke stands thus : We seW. our unbroken coke at 10s. per ton, 




Fig. 110. 
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ad broken at lOs. 8d. ; the 8d. added being 9d. per ton for labour, and 
>ke conyerted into breeze by breaking, leas Id. received for breeze per 
m ol ooke broken. The cost of maintenance of engine and breaker we 
uuuder iB more than recouped by, first, the saving of labour that 
loald have been employed m loading the coke if it had not been 
roken ; secondly, the saving of the cost in labour and depreciation of 
poking the coke if it were not sold ; and, thirdly, the advantage gained 
I getting rid of the ooke, so as to enable us to maintain our price of 
)b. per ton, for upon our annual make of coke for sale a reduction of 
i. per ton would mflict a loss of £500 a year." 

Another excellent coke breaker is that devised by Messrs. ThomaK 
ad Somerville. This machine requires very little power to drive it. 
nd the waste of coke by its use is remarkably small. At a recent trial 
f the machine at the Old Kent Boad works, the following results- 
mte obtained : — , 

600 feet of gas consumed by a 2-horse power gas-engine, 
at cost price of gas delivered in holder di 

(HI and cotton waste & 

Two men supplying machine with large coke, and 
shovelling up broken, at 4s. 6d 9 

Interest and wear and tear (say) 3- 

Total per day 10 6 

8. d^ 

For 60 tons of coke broken per day at the rate of . . . 1^ 
Add for loss by dust and waste, 1 cwt., with price of 

coke at (say) ISs. 4d. per ton 8 

Cost of breaking, per ton .... 9^ 

The coke thus manipulated finds a ready and constant market as- 
loiokly as it is produced, the result being an average net gain of Is. 6d. 
per ton of coke. 

Ck^e, when slaked with water, weighs from 20 to 25 per cent, more 
liuui when unslaked. 

A ton of coke is about a chaldron and a half. 

A chaldron of coke varies in weight from 12^ to 15 cwt. 

9ar the quantity of coke produced by different coals, see the tables on 
)a(9eB4 to 44. 

Coal Tar. 

The yield of tar from coal per ton in gas works ranges up to 
9 gallosis, and from cannel up to about 17 gallons. The average pro- 
.Qction in gas works throughout the country will not exceed 11 gallons 
ler ton. The total production of coal tar in the United Kingdom is- 
irobably about 600,000 tons. 

The utilization of the tar for its products is not pursued at many 
lui works, though it is done at a few, and if well managed it is a source 
if profit. 

Considerably more skill and care are required in the distillation of 
«r than in the manufacture of sulphate of ammonia ; nevertheless, it 
■ ■aito to predict that before many years have elapsed this branch of 
metical chemistry will be widely practised on those gas works where 
ihsre is space and convenience. 

Th0 mauafaoture on gas works may be wisely restricted to the dis- 
iDftl&oiiof the tar for the light and heavy oils, andtbfi'iBfEod'tQA^oTXQl^^^i^. 
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The principal dangers to be apprehended in the prooesg are ikie leak- 
ing or Soiling over of tiie stills and the firing of vapours, oansing con> 
fiagration; and the stoppage of the pipe passages witii accretions of 
solid matter, chiefly naphthaline, resulting in explosion ; but these 
dangers can be minimized, or altogether averted, under proper super- 
vision, and by tiie use of emcient apparatus. 

The specific gravity of tar produced from ordinary coal ranges from 
1-120 to 1160; that from cannel coal from -980 to 1-060. 



TABLE 

Showing about the Average Proportion of the several Products obtain^ 
from tJie Distillation of 10,000 gallons of Coal Tar. {Dr. LetJiehy.) 



Ammoniacal liquor . 240*0 gals. 
40 per cent, benzole . 84*4 
90 „ „ . 531 

Pitch ...".. 






Solvent naphtha . . 41*8 gala. 
Last runnings . . . 12*0 „ 

Dead oil 3018-7 „ 

36 tons 



TABLE 

Showing the Average Percentage of the Products Obtained from 

100 Tons of Coal Tar. {Poscoe.) 

1 2 



Naphtha 3*0 

Light oils and carbolic acid . . 1*6 
Heavy .oils, naphthaline, anthracene 36*0 

Pitch 60-0 

Water and loss 10*6 



2-0 

0-8 

250 

600 

12-2 



per cent. 



5» 



100-0 100-0 

Mr. C. Greville Williams remarks (" King's Treatise," vol. iii., p. 381) 
that — ''The working results to be obtained from a charge of 1200gaJlonB 
vary so greatly, according to the nature of the tar and the care with 
which the distillation has been made, that it is exceedingly difficult to 
give any average which will be satisfactory to distillers in different 
])artR of the country. The following figures are placed side by side as 
extreme cases " : — 









London : 




Lancashire : 


(Chemistij as 

applied to the Arts 

and Manuf aotnres.) 




(Watson Smith.) 








Ammoniacal liquor . 


. . gallons 


30 


50 


First light oils . . 


>» 


33 


20 


Second light oils . . 


j> 


157 


20 


Creosote oils . . . 


• • »» 


104 


250 


Anthracene oils . . 


j» 


229 


. . 50 


Pitch 


. . tons 


3-25 


. . 4 




Tar Pavement. 





This is made of the breeze, ashes, and clinker of gas works and mill 

furnaces, along with shingle or coarsely-ground granite, mixed with 

coal tar. 

A coke £re ia first made on the ground, and the solid ingredients 

ceased in a heap round and over it, la^er aiti^r la^er being gradually 
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added as the heat penetrates through the mass, until sufficient bulk 
of the material is ready. 

If preferred, or if a large quantity of material has to be dried and 
heated, a raised sheet-iron floor may be made, sup^iorted on bricks, with 
the ooke fire underneath ; or a permanent fire-brick floor may be con- 
structed, ramified with flues underneath leading to a chimney, and 
having a fire grate at one end. 

In the meantime, whilst the soUd ingredients are being dried and 
heated, the tar is being boiled, and, when ready, the two are taken and 
mixed together in stutul heaps ^say about three ordinary barrow loads) 
in the proportion by measure oi 1 part tar to 7 jparts solid. 

The whole is then turned over immediately, whilst hot, and thoroughly 
mixed, until every particle of the solid ingredients has received a coat- 
ingof tar. 

The mixed material is then sorted into three separate heaps of 
graduated fineness, b^ passing it through two sieves with |-inch and 
l-inoh meshes respectively. It is uow ready for use, and may be laid 
down at once, or kept in stock for a short time until required. 

It is preferred by some to sort the solid ingrediente before mixing 
with the tar, as the latter is liable to clog the sieves. In this case an 
ordinary screen, 3 inch between the bars, and supported at an angle, is 
employed ; and all that passes through it is afterwards riddled through 
a 9-inch sieve. 

The three different grades of material are then dried and made hot 
as described, and thoroughly mixed with hot tar in these proportions : — 



1. Coarse material I IP^ter^ja) 
a.EiddIings. . {l^*^iii 

3. Fine materiai {l^^*^^^ 



or 24 gals, tar to 1 ton solid, 
or 30 



or 86 



»» * »» 



» ■* >» 



The footpath being properly kerbed, the upper edge of the stones 
standing 3 inches above the solid bottom of the path, the rough pre- 
pared material. No. 1, is put down 2 inches thick ; then No. 2 about 
i inch thick, and finally No. 3 about § inch thick. Each layer as it is 
put down being rolled with a 10-cwt. roller until thoroughly consoli- 
dated ; comers which cannot be reached by the roller, must be con- 
solidated by punning. Derbyshire spar or fine granite sprinkled over 
the surface improves the appearance of the pavement. 

Three tons of the rough (No. 1) and 1^ tons of the fine prepared 
material (Nos. 2 and 3) will cover 60 square yards, or a footpath 
2 yards wide and 30 yards long. 

Aminoniacal Liquor. 

The amount of liquor obtained up to the outlet of the scrubbers, per 
ton of coal carbonized, varies from 16 to 45 gallons of 10 oz. strength. 
d6pendin^ on the class of coal used, and the efficiency of the apparatus 
for arrestmg the ammonia. 

The product of ammoniacal water, when treated with sulphuric acid, 
is . sulphate of anmionia ; when treated with muriatic or hydrochloric 
acid, it is muriate of ammonia, or sal ammoniac. 

The manufacture of sulphate of ammonia from the ammoniacal 
liquor is fast becoming general in gas works, and properly so, as the 
process is both simple and profitable. That it must be more profitablt' 
to use the liquor at the place of production than at 9, d\«^\ic)!i6 %r««:^., 
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ift evident, taking into account the saving in the cost of transport of a 
bulky material. 

The apparatus required is neither complicated nor costly ; the process 
is free m>m danger (though fatal accidents have occurred turough 
carelessness, or the use of imperfect appliances), and an intelligent 
labourer can lea^m it in less than a week's time. 

In actual practice (using round figures) it is found that — 

1 ton of average gas coal yields 28 lbs. of sulphate of ammonia. 
100 tons „ „ IJ tons „ „ 

lOJ tons (2294 gals.) ammoniacal ) -, . _„ 
. liquor, 5° Twaddel, yield f ^ wn „ „ 

The strength, and consequent value, of ammoniacal liquor, is- 
commonly ascertained by Twaddel's hydrometer, and also by the 
quantitjr of sulphuric acid of the specific gravity 1846 required to 
neutralize the ammonia contained in one gallon. 

Each degree of Twaddel is equal, as nearly as possible, to 2 oz. of 
acid per gaUon of the liquor ; hence arises the description of its value :— 

Water of 5 degrees Twaddel is called lO-oz. liquor 
>» 6 „ „ 12 „ 

IJ • »> 11 ^^ 11 

And so on, at the rate of 2 ounces for each degree, so that 10 oz., 12-<a., 
or 14 oz. liquor means ammoniacal liquor of such a strength that lO-os., 
12 oz., or 14 oz. of sulphuric acid, of the specific gravity 1845, are 
required to neutralize the ammonia contained in a gallon of it. 

To convert degrees of Twaddel's hydrometer into specific gravity^ 
multiply the number of degrees by 6, and add 1000 to the product. 

ExAMTLE.— Twaddel 6 x 5 + 1000 = 1080 specific gravity. 

To convert specific gravity into degrees of Twaddel, deduct 1000 from 
the specific gravity, and divide the remainder by 6. 

Example. — Specific gravity 1030 — 1000 -j- 5 = 6 degrees of Twaddel^ 

To find the weight of a gallon of ammoniacal liq^uor of any strength^ 
find the specific gravity by the above rule. This will represent tibe 
number of ounces avoirdupois in weight per cubic foot. Divide by 16 
for the number of pounds per cubic foot, and by 6*25 (gallons per cubic 
foot) for the weight of a gallon of the liquor. 

Example. — Required weight per gallon of 10-oz. liquor (5° Twaddel)^ 

(5 X 6) 4* 1000 = 1026, specific gravity and weight per cubic foot 

in ounces avoirdupois. 

^9^^ = 64-063 lbs. per cubic foot. 
16 ^ 

^^= 10-26 lbs. weight per gallon of 10 oz. liquor. 
6*26 

It is well-known that the greater the proportion of ammoniacal gas 
contained in a pure solution, the less the density or specific gravity of 
such solution. How then, it may be asked, is the apparent contra- 
diction to be explained, that the larger the quantity of ammonia 
contained in gas liquor, the greater the density ? 

The explanation is to be found in the circumstance that gas Uqnor is 
not a solution of ammonia pure and simple, but contains other gaees 
in solution, and in combination with the ammonia in the form of salts, 
which increase its specific gravity; and the more ammonia liquor con- 
tains, the greater is its power of arresting and absorbing such other gases. 
It is by reason of this latter-mentioned fact that Twaddel's hydrometer 
Is tolerated as a gauge of the streugOi «.\id value of this- anunoniaeal 
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liquor of gas works. At the best, however, its employment £or this 
purpose is very unsatisfactory. 

llie method of testing bv saturating the liquor with sulphuric acid 
is an improvement on the hydrometer ; but even that is imperfect, as 
has been pointed out by Mr. Grevilie, who ascertained by experiments 
on 9 difEerent samples of liquor that an average of 22*5 per cent, of 
the ammonia present in combination was not inaicated by the acid. 

The mode of- testing by Mr. Thomas Wills meets the difficulty. His 
plan is to mix with ttie liquor a caustic alkali for which the acids of 
the salts contained in the hquor have a stronger affinity than for the 
ammonia with which they are combined. On the mixture being 
strongly heated, the salts are decomposed in presence of the caustic 
alkali, and the ammonia is driven off in the gaseous state, and being 
conveyed into a solution of sulphuric acid is secured as sulphate of 
ammonia. This and the other methods of testing are fullv detailed by 
Mr.iHartley in his brochure on *' Ammonia Liquor Tests.' 



TABLE 

Showing the Specific Gravity^ Weight per Cubic Foot, Weight per 
&allon, and Ounce Strength of Ammoniacal or Gas Liquor of 
different degrees Twaddel. 





1 

iSpec. Gravity, 


1 

WeiKht 




■ 


ISpec. Gravity, 


Weight 




IMiqmB 


■ and Weight 


Onn/*A 


' Degreeit 


and Weight 


Ocuiee 
Strengtli. 

1 


Twaddel 
lAqpot. 


jperCnbictFoot 
\ in Onncea 


per 
Gallon. 

11. 


strength. 


1 Twaddel 
1 Liquor. 


iper Cubic Foot 
in Ounces 


per 
Gallon. 

1* . 




Avoirdnpois. 


1 iDH. 






. Avoirdupoia. 


IlM. 


1 





1 

1000 


100 





12i 


1062*5 


10*625 


25 


t 


1002*5 


1 10*025 


1 


18 


1065 


' 10-65 


1 26 


1005 


10- 05 


2 


18J 


1067-5 


10-675 


27 


1} 


1007-6 


10*075 


8 


14 


1070 


. 10-7 


28 


a 


1010 


101 


4 


14i 


1072*5 


; 10*725 


29 


n 


1012*5 


10*125 


5 


15 


1075 


i 10-75 


80 


If 


1015 


, 10*15 


6 


15^ 


1077-5 


. 10-775 


81 


H 


1017*5 


10- 175 


7 


16 


1080 


10-8 


82 


T 


1020 


10*2 


8 


16i 


1082-5 


10*825 


88 


4 


1022*5 


I 10*225 


9 


17 


1085 


10 -a^ 


84 


6 


1025 


' 10*25 


10 


17J 


' 1087*5 


10-875 


35 


5i 


1027*6 


; 10-275 


11 


18 


• 1090 


10-9 


86 


6 


1080 


10*3 


12 


18i 


1092-5 


10-925 


87 


^ 


1082*5 


10*825 


18 


19 


1095 


10-95 


88 


r 


1085 


10*35 


14 


19^ 


1097-5 


10-975 


89 


71 


1087*5 


10*375 


15 


20 


! 1100 


11*0 


40 


8 


1040 


10*4 


16 


20) 


1102-5 


11*025 


41 


8| 


1042*5 


10*425 


17 


21 


1105 


11*05 


42 


? 


1045 


10*45 


18 ' 


21i 


1107-5 


11-075 


43 


9} 


1047*5 


10*475 


19 ! 


22 


1110 


11*1 


44 


lo" 


1050 


10*5 


20 


22) 


1112-5 


11 125 


45 


K4 


1052*5 


10*525 


21 


23 


1115 


1115 


46 


ir 


1055 


10*55 


22 


28J 


1117-5 


11-175 


47 


Hi 


1057*5 


10*575 


28 , 


24 


1120 


11-2 


48 


12 


1060 


10*6 


24 ' 

1 


25 


1125 


11*25 


50 



It will be seen by the above tiiat the weight of the liquor in pounds 
aYoirdui)ois per gallon is obtained by simply placing the decimal point 
after the first two figures of the number representing the specific 
gravity. Thus, liquor of 1025 specific gravity is 10*25 lbs.; and of 
1097*6 specific gravity is 10*876 lbs. weight per gallon. 

1. ^ 
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Each 5 degrees Twaddel represent a quarter of a pound additional 
weight per gallon ; 20 degrees e(][ual one pound. 

In Beaum^'s hydrometer, which was tne first instrument of the kind, 
the divisions are equidistant, and it has two modes of gradoaticMi 
according as it is intended for liquids heavier or li^i^ter than water. 
This instrument is the one principally in use on the Continent. 

Beaumi'a Hydrometer Compared with Specific Gravity. 
Por Liquids Heavi-er than Water. 



Degrew 


Specific 


]>egreeM ! Specific 


Degrees 


Specific 


Beaom^. 


Gravity. 


Beamne. * Gravity. 


Beanm^. 


Gravity. 





1000 


26 1-206 


52 


1-520 


1 


1007 


27 


1-216 


53 




585 


2 


1018 


28 


1*225 


54 


X 


-561 


8 


loao 


29 


1-235 


56 


1* 


■6«7 


4 


1-027 


SO 1-245 


56 




588 


5 


1084 


81 1-256 


57 




600 


6 


1041 i 


82 


1 267 


58 




617 


7 


1*048 


88 


1*277 


69 




684 


8 


1056 


84 1*288 


60 




652 


9 


1068 


35 1-299 


61 


1 


670 


10 


1-070 


36 1*810 


62 


1- 


689 


11 


1-078 


87 1 1-821 


63 




708 


12 


1085 


88 1-888 


64 




727 


18 


1094 


89 


1-845 


65 




747 


14 


1-101 


40 


1*867 


66 




767 


15 


1-109 


41 


1-369 


67 




788 


16 


1118 ' 42 1 1-881 


68 




809 


17 


1-126 48 ! 1 895 


69 




831 


18 


1-184 ! 44 1-407 


70 


1' 


854 


19 


1148 45 


1-420 


71 




877 


20 


1152 46 


1-434 


72 




900 


iJl 


1-160 47 


1-448 1 


78 




944 


'22 


1-169 48 


1-462 ! 


74 




949 


23 


1-178 49 1-476 


75 




974 


24 


1188 il 50 ! 1-490 1 


76 


2 


000 


25 


1-197 ;l 51 ! 1-495 






Bet 


ium£8 Hydrometer Compared with Specific Gn 


tivity. 




For. 


Liquids Li^ 


fhter than Water. 




Degrees 


Specific 


Degrees 


Specific i 


Degree8 


Spedflc 


9eaame. 


Gravity. 


Beaumi. ' Gravity. 


Beaume. 


(Jravity. 


10 


1-000 1 


27 0-896 


44 


0-gll 


11 


0-998 ' 


28 0-890 


45 


0-807 


12 


0-986 


29 0-885 


46 


0-802 


18 


0-980 1 


80 0-880 


47 


0-798 


14 


0-978 


81 0-874 


48 


0-794 


15 


0-967 


82 0-869 


49 


0-789 


16 


0-960 


88 0-864 


50 


0-785 


17 


0-954 


84 0-859 ! 


51 


0-781 


18 


0-948 


35 0*854 


52 


0-777 


19 


0-942 


86 


0-849 


53 


0-778 


20 


t 0-986 


87 


0-844 


54 


0-768 - 


21 


0-980 


88 ! 0-889 


55 


0-764 


22 


! 0-924 


89 0-884 ; 


56 


0*760 


28 


0-918 


40 0-880 


57 


0r767 


24 


0-918 
0-907 


41 0-825 


58 


0-7«8 


25 , 


42 0-820 


59 


<)-7« 


36 


0901 


d« C*816 1 


60 


0*745 
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Spent Oxide of Iron, 

The oxide of iron used in gas purification may be considered as 
^'apent" when the quantity of free sulphur contained in it ranges 
between 45 and 65 per cent, by weight of the whole bulk of the 
material. 

Although by continuing to use it the proportion of sulphur could be 
increased, it is not economical to do this beyond a certain point, as the 
purifiers would have to be changed more frequently, and the labour 
required for that purpose would be out of proportion to the benefit 
derived. 

In addition to the sulphur, the spent oxide usually contains a small 
percentage of salts of ammonia, and some insoluble cyanides of iron, 
which are of value. 

The spent oxide is generally sold at per iinit of contained sulphur. 

Mr. Andrew Stephenson has devised a handy apparatus (Fi^. Ill), 
for estimating the amount of sulphur in the oxide, and gives toe fol- 
lowing instructions for using the same : — 




Fig. 111. 



Weigh 100 grains of spent oxide, dry at 2X2° Fahr., and weigh^ to 
ascertain moisture; put the dried material in the test-tube. A, which 
is provided at the bottom with a filter of cotton wool. 

Bisulphide of carbon is then blown from the holder, B, into the test- 
tube, A, on top of the spent oxide. It percolates the ma6s gradually 
and dissolves out the sulphur, the solution finding its way by gravita- 
tion into the fiask, C, which is placed in a wii.teT-\>«A\i. 
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The Bunsen burner is then lighted, and the application of heat soon 
vaporizes the bisulphide of carbon froln the flask, C. The vapour finds 
its way through the conneoting-tube into the condenser, and is 
recovered in the receiver, D, under water, ready for further use. 

The sulphur is left in th^ flask (the weight of which has been pre- 
viously noted), and when all the bisulphide of carbon is driven off, the 
quantity of sulphur may be ascertained. 

Fit the Alter in the test-.tube with care. If too tight, it \vill pre- 
vent filtration ; if too loose, it will permit some of the oxide to .pass 
through. • 

Three or four times the bulk of the oxide is about the proportion 
of bisulphide of carbon necessary to dissolve out all the sulphoir. 

It must always be borne in mind that bisulphide of carbon is Ttaj 
inflammable, and in the gaseous state when mixed with air in oertaiB 
proportions it is explosive. . 

It is best to melt the sulphur in the flask before weighing, to drive 
off all bisulphide of carbon. 



Gas Lime : 

Jts Composition^ cmd Use in Agriculture. 

In a valuable paper on gas lime, published in the Journal of Go* 
Lighting^* Professor Yoelcker states that a copious supply of air is 
necessary to transform the injurious sulphur compounds contained in 
the material into fertilizing agents. 

When exposed to the air (and the longer it is kept exposed the 
better), gas lime is in some respects superior to quicklime as a manure. 

The oxygen of the atmosphere destroys the offensive smell, and 
changes the sulphuret of calcium in it — first into sulphite, and finally 
into sulphate of lime or gypsum, well known as a valuable fertilizing 
substance. 

In addition to its chemical virtues, gas lime exercises a beneficial 
mechaiiical effect upon land, by rendering stiff, heavy, clayey land 
more porous and friable, and by consolidating light sandy soils. 

The crops which are particularly benefited by gas lime are— clover, 
sainfoin, lucerne, peas, beans, vetches, and turnips. It is a useful 
fertilizer, for permanent pasture, destroying the ooaraer grasses, and 
favouring the growth of a sweeter and more nutritious heroage. 

It kills moss, heath, feather grass, and other plants characteristic 
of peaty land, its application to which cannot be too strongly re- 
commended. 

As a general rule, two tons per acre is the quantity of gas lime which 
ought to be put on land. 

The proper time for its application is in autumn or winter. 

During the period of storage, the heap should be turned pver OBO6 
or twice to ensure its complete exposure to the air. 
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The following is an. analysis by Professor Yoelcker of a sample of 
^[as lime, kepi long enough to he used with safety as a manure : — 

Composition of Oa^ Linie {Dried at 212° Fahr.), 

Per CJent. 
• Water of combination and a little organic matter . . . 7*21 
Oxides of iron and fdumina, with traces of phosphoric acid 2*4^ 

Sulphate of lime (gypsum) - . 4*64 

Sutohite of lime 15*19 

Caroonate of lime 49*40 

Caustic lime 1828 

Magnesia and alkalies 2*58 

Insoluble siliceous matter 0-28 



100-00 



IiL fresh gas lime the proportion of water varies usually from 30 to 
40.per cent. 



TABLE 

Showing the Besults Obtained by the Application of Certain Manures 

to Land. {Mr. Wilson^ of Largs.) 



Manure. 



I Produce 
I of the Lot 
inlbfl. 



Left nntoached 

2^ barrels of quicklime 

1 ton of lime from gas works . . . . 
4^ cwt. of wood charcoal powder . ' . . 

2 bushels of bone dust 

18 lbs..of nitrate of potash 

^ lbs. of nitrate of soda 

10 bushels of soot 

28 lbs. of sulphate of ammonia . . . . 

100 gals, of ammoniacal liquor from gas- ) 
works i 



Pounds of 

Hay 
per Acile. 



420 


8860 


602 


4816 


651 


5208 


665 


5820 


608 


5544 


742 


6086 


784 


6272 


819 


6652 


874 


6776 


945 


7662 



Increaaeper 

Acre over that 

Untou<died. 



1456 
1848 
1960 
2184 
2576 
2912 
8192 
8416 

4202 



The land was a piece of three years' old pasture, of uniform quality, 
divided into ten lots of 20 perches each. All the lots were manured 
at the same time with the articles given in the table, and the grass cut 
and made into hay in July. Each application cost tiie same. 

Ammoniacal liquor is best applied at the following strength : — 

Ammoniacal liquor . 1 part. 

Water 7 parts. 

The proper time for its application is in the spring, after the grass 
has commenced growing, and during cloudy weather. It may be 
sprinkled on the land as water is applied to the streets of towns to 
lay the dnst. 
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CHEMICAL AND OTHER MEMORANDA. 

The oompounds of the non-metallic elements with the metals and 
with each other have names ending in " ide " or " uret ; " as Fe S, 
sulphide or snlphoret of iron. 

wlien two or more atoms or equivalents of the non-metallic elements 
^nter into combination, the number of atoms or equivalents is expressed 
^y prefixes. 

Hon . . . means 1 atom, as Na O, nitrogen mon-oxide. 

Di, bin, or bi means 2 atoms, as N9 0% nitrogen di-oxide, or bin-oxide 

of nitrogen : CSs, bi-sulphide or di-sulphide of carbon. 
Tri or ter. . means 3 atoms, as Na Os, nitrogen tri-oxide ; Sba Ss, ter- 

Bulphide of antimony 
Tetr . . . means 4 atoms, as Na O4, nitrogen tetr-oxide. 
Pent or penta means 5 atoms, as Na O5, nitrogen pent-oxide ; PCU, 

penta-ohloride of phosphorus. 
Qesqui. . . means 1) atoms (= 2 to 3), asFea Ob, sesqui-oxide of iron. 
Proto or prot means first, as Fe O, prot-oxide of iron. • 
$ub . . . means under, as Cua 0, sub-oxide of copper. 
Per , , . means the highest, as H CI O4, per-chloric acid. 

The termination " ic " and " ous " are used for acids, the former 
representing a higher state of oxidation than the latter. 

When a substance forms more than two acid compounds, the prefixes 
" ^rpo," undevy and " hyper," above, are used. 

The small number, as Ha, placed to the right of, and slightly below 
a symbol is called the exponent, and indicates the number of times that 
the combining weight of the substance has to be taken. When ^ 
symbol is without a number — thus, H — ^the number on« is understood. 
The small numbers modify only the symbol immediately preceding, bit 
larger numbers prefixed to the symbol modify all that follow as far as 
liie next comma or + sign : thus 2Ha SO4 signifies that four of hydrogen, 
two of sulphur, and eight of oxygen, or, more correctly, that two of rol- 
phuric acid (Ha SO4 being the formula for sulphuric acid) are to be taken. 

A base is a compound which will chemically combine with an acid. 

A salt is a compound of an acid and a base. 

When Water is in combination with acids or bases, they are said to 
be hydrated. 

Alkalies neutralize acids, forming salts. 

Alkalies turn vegetable reds to blue, and yellows to brown. 

Aoids turn vegetable blues to red, and browns to yeUow. 

A simple or elementary substance is a body that cannot be resolved or 
separated into any simpler substances — as oxygen, carbon, iron. 

A compound substance is one consisting of two or more constituents 
— as water, carbonic acid gas, defiant gas. 

The equivalent number or atomic or combining weight expresses the 
relation that subsists between the different proportions by weight in 
which substances uiiite chemically with each other. 

The equivalent or combining weight of a compound is the sum of the 
combining weights of its constituents. 

Specific gravity expresses the difference that subsists between the 
weights of equal volumes of bodies. Gases are usually compared with 
air as 1000, liquids and solids with water as 1000. 

So far as chemists have been able to discover, there are about 65 
elementary or simple substances. 

No compound body contains all the elementary substanqes. Most 
compounoB are composed, of two, three, ox lova elements. 
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TABJiE OF ELEMENTARY SUBSTANCES. 



unes of Elements. 



Symbols. 




immnTn . 

timony (Stibium) 

lenio 

rimn 

onath 

ron . 

imiiie 

flTninm 

siam 

Icinm 

rbon 

rium 

lorine 

romiom 

Dttlt . 

pper (Cuprum) 
lymiom . 
nam . . . 
lorine . . . 
loinum or Beryl 
.am .... 
Id (Aurum) . 
drogen. . . 
lioitt . . . 
ine .... 
iiom . . . 
n (Ferrum) . 
athanum . . 
id (Plombam) 
hium . . . 
f^esium . . 
.nganese . . 
rcury (Hydrarg.)i 



Al 

8b 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

D 

E 

F 

Gl 

Au 

H 

In 

I 

Ir 

Fe 

La 

Pb 

Li 

Mg 

Mn 

Hg 



Atomic or 

Combining 

Weights. 



27-4 
123 

76 
187 
210 

11 

80 
112 
138 

40 

12 

92 

85-5 

52*2 

• 58-7- 

• 68*5- 
. 95 
112-6. 

19 

9-8. 

197 • 
1 

87-8 
127 
198 

56 

92 

207 

7 

24 

56 
200 



Nam«s of Elements. 



Molybdenum ' . . 
NirfceJ. . '. •. . 
Niobium'. •. •. ■. 

INitrogen 

Osmium .... 
Oxygen .... 
Palladium . . . 
Phosphorus . . . 
Platinum .... 
Potassium (Kalium) 
Rhodium .... 
Rubidium . . . 
Ruthenium . . . 
Selenium . ' . ' . ' . 
Silicium or Silicon . 
Silver <Argentum) . 
Sodium (Natrium) . 
Strpntjum . . . 
Sulphur . . . . 
I Tantalum or Colum- 
I ' bium * . . . . 
jTeliurium •. . . 

jThallium 

Thorium .... 
jTin (Stannum) . . 
jTitanium .... 
i Timgsten(Wolfram ) 
iUraninm .... 
I ; Vanadium . . . 
I Yttrium .... 

jZino 

i Zirconium . . . 



Symbols. 



Mo 

.Ni 

Nb 

N 

Ob 

O 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

Y 

Zn 

Zr 



Atomic or 

Combining 

Weights. 



96 

58-7 

94 

14 
199*2 

16 
106-6 

81 
197-5 



1 

'4 

4 

•4 

•5 



89- 
104- 

85- 
104- 

79- 

28 
108 

28 

87-5 

82 

182 

128 

204 

115-7 

118 
50 

184 

120 
51-8 
61-6 
65*2 
89-6 



LIST OP SUBSTANCES, 

>nple and Conypound^ frequmUly Mentioned in Connection with the 
Manufacture and Purification of Coal Gaa and the Besidual 
Products resulting therefrmn. 

Name of Substance. Symbol. 

Ammonia N^ 

Aniline Cj2 H? N 

Aqueous vapour H2 O 

Benzole CeHe 

Bisulphide of carbon CSa 

Bisulphide of iron . Fe S^ 

Butyiene . C4 Hp , 

Carbon . C 

Carbolic acid C12 He O2 

Carbonate of ammonia 2 NHs 3 CO2 + 2 HO 

Carbonate of lime ,. C^COs. 

Carbonic acid Cp2 '. 

Carbonic oxide CQ 

Cyanogen C^ . . . 

Hydrogen H, ... . 
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LIST OF SUBSTANCES~Con««ii«i. 
Name of Substance. SymboL 

Hydrochloric or mnriatic acid . . . HCl 

Light carbnretted hydrogen .... CH4 

Muriate of ammonia NHs HCl, or NH4 Gl 

Naphthaline CioHs 

Nitrogen N 

Nitric acid HNOs 

Olefiant gas Cs H4 

Oxygen O 

Oxide of calcium (caustic lime) . . . Ca O 

Oxide of potassium (caustic potash) . KO 

Oxide of sodium (caustic soda) . . . Na O 

Peroxide of iron Fea Os 

Protoxide of iron Fe O 

Protochloride of manganese .... Mn CI 

Propylene Cs H« 

Sulphur S 

Sulphate of ammonia 2 (NH4) SO4 

Sulphide of calcium Ca S 

Sulphide of iron Fe S 

Sulphuretted hydrogen. . . . , . H3 S 

Sulphuric acid H2 SO4 

Sulphurous acid SOa 

Water H2 O 

To ascertain the proportion, by weighty of the different substances in 
a compound, multiply the atomic or combining weight of each substance 
by the exponent. 

For example : Take olefiant gas, C9 H4, which, as ite formula indioatoB, 
consists, by weight, of two atoms of carbon combined with foor atoms 
of hydrogen — 

Atomic or Com- Exponent. Proportion 
bmmg weight, '^■■-vvucii.. ^y weight. 

C 12 X 2 = 24 or 85-716 per cent. 

H 1 X 4 = 4 or 14-285 „ 

So that, 24 grains, or 24 ounces, or 24 pounds of carbon, combine with 
4 grains, or 4 ounces, or 4 pounds of hydrogen to form 28 grains, or 
28 ounces, or 28 pounds, and so on, of olefiant gas. 



COMMON NAMES OF CERTAIN CHEMICAL SUBSTANCES. 

Aqua fortis Nitric acid. 

Aqua regia A mixture of nitric and hydrochlcnic 

acids, so called from ite property 
of dissolving gold. 

Bluestone, or blue vitriol . Sulphate of copper. 

Calomel Chloride of mercury. 

Chloroform ChlcHide of formyle. 

Common salt Chloride of sodium. 

Copperas, or green vitriol . Sulphate of iron. 

Corrosive sublimate . . . Bichloride of mercury. 

Dry alum • . Sulphate of alumina and potash. 

Epsom salts Sulphate of magnesia. 

Ethiops mineral . . . . Black sulphide of mercury. 

Fire-damp • . . Light oarburetted hydrogen. 

Galena ^^apYMe ot lead. 
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CHEMICAL SUBSTANCES— Co»^inM€rf. 

Glauber's salts Sulphate of soda. 

Goulard water Basic acetate of lead. 

Iron pyrites Bisulphide of iron. 

Jeweller's putty Oxide of tin. 

King's yellow Sulphide of arsenic. 

Ijaughing gas Protoxide of nitrogen. 

liime Oxide of calcium. 

liunar caustic Nitrate of silver. 

Mosaic gold Bisulphide of tin. 

Muriate of lime Chloride of calcium. 

Nitre, or saltpetre .... Nitrate of potash 

Oil of vitriol Sulphuric acid. 

Potash Oxide of potassium. 

Realgar Sulphide of arsenic. 

Red lead Oxide of lead. 

Rust of iron Oxide of iron. 

1^1 ammoniac Muriate of ammonia. 

Soda . Oxide of sodium. 

Spirit of hartshorn .... Ammonia. 

Spirit of salt ...... Hydrochloric or muriatic acid. 

Stucco, or plaster of Paris . Sulphate of lime. 

Sugar of lead Acetate of lead. 

Tincal Crude borax. 

Verdigris Basic acetate of copper. 

Vermilion Sulphide of mercury. 

Vinegar Acetic acid. 

Volatile alkali Ammonia. 

Wad Black oxide of manganese. 

Water Oxide of hvdrogeu. 

White vitriol Sulphate of zinc. 

TABLE OF VARIOUS GASES. 

Their Specific Gravity^ Weight, and Solubility in Water. 
60° Fahr. 30 in. Barometer. 



Name. 



[ydrogen 

light carboretted hydrogen. 

.mmonia 

iarbonio oxide 

tleflantgas 

ritrogen 

• 

.u: 

ritric oxide 

»xvgen 

ulpnuretted hydrogen . . 

ritrous oxide 

larbonic acid 

alphnrous acid 

-fajorine 

iisnlphide of carbon . . . 



SpeoifVc 

Gravity. 

\ir equal 

1*000. 



Weight of a 
Cubic Foot in 

Pounds 
Avoii'dnpois. 



W<dghtof 
a Cable 
Foot in 
Orains. 



•0691 

•659 

•590 

•967 

•968 

•9718 

•000 



105B 

1747 

527 

529 

247 



2^470 
2^640 



•00529997 

•0428758 

•045268 

•0741689 

•0742466 

■07449871 

•0767 

•0796918 

•08479952 

•09iK)9949 

•1171209 

•1172748 

•1728449 

•189449 

-202488 



8709 
800^12 
816-77 
519 18 
519-71 
521-49 
586-90 

657*88 

598-59 
680*69 
819-84 
820*92 
1206*41 
1826*14 



Number 

of Cubic 

Ft. equal 

to 1 lb. 



188*68 
28-82 
22-09 
18*48 
18-46 
18-42 
1808 

12-54 

11-79 

1109 

8-58 

8-52 



SolubiUty, 

100 Vols, of 

Water absorb. 



6 
6 



80 
27 



1417-41 4-98 



1*98 Vols. 
8-91 
7830- 
2-48 
16* 
1-48 

(Not soluble 
I in water. 
2-99 Vols. 
828- 
100- 
100- 
4800- 

aoo- „ 

( Not soluble 



»♦ 
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To reduce a volnme of gas of any specifie gravity to pounds avoir- 
dupois, multiply the volnme by the sp» gr. and by '0767. 

Example.— Required the weight of 1600 cubic feet of gas whose 
specific gravity is '620, 

1600 X -620 X -0767 = 69826 lbs. 

• • • • 

To find the weight in pounds avoirdupois of a cubic foot of air aA 
different temperatures, and under different pressures, 

__ 1-8253 X B 

^-- 469-fT 

Example. — Required the weight of ^ cjibic foot of air, the barometer 
being at 29'6 inches, and the temperatures Q^° Fi^hr.. 

1-3253 X 29-6 
459 + 84 =07i^l^- 



WATER. 

1 pint = 34*65 cubic inches, or 1*25 lbs. 

1 gal, = 277-274 cubic inches, or 10 lbs. 
11*2 gals. = 1 owt. . . . . 

224 gals. = 1 ton. . • 

1 cubic inch = 262*45 grs. or -03617 lbs. • ■ 
12 „ inches ^ '434 lbs. • < • 

1 „ foot = 6*25 gals., or 1000 ozs., or 62*6 lbs. 

1*8 „ » = 1 owt. 

36*84 cubic feet = 1 ton. ... 

1 cylindrical inch = *02842 lbs. 
12 „ inches = '341 lbs. 

1 „ foot = 5 gals., or 49*1 lbs. 

2-282 „ feet = lcwt. 
45*64 „ ,, = 1 ton. 

Centre of pressure § depth from surface. 

Water is at its maxunum density at 39*2^ Fahr. (40° C), and expands 
1-lOth part of its bulk on freezing. 

32° Fahr Freezing point. 

212° „ Boiling 

1 cubic inch of mercury =: 3426*26 grs. 

Expansion of Liquids in Volume from 32° to 212° Fahr, ] 

1000 parts of water .* become 1046 

oil . . „ 1080 

„ mercury „ 1018 

„ spirits of wine „ 1110 

„ air „ 1373 to 1376 

Luting for Experiinents in Chemistry. 

For temporarily securing the joints of chemical v-essels, a^atf 

Btoppers, &c., use equal parts by weight of linseed meal and whitinc 

made into a stiff paste with water. TVi^ two substances should be weU 
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ted in a mortar, and the water added till of the proper con- 

y« 

» of ynlcanized india-rubber tubing are very suitable for joining 
Is of glass and earthenware tubes. The india-rubber is slipped 
le ends, and secured with packthread. 

I rubber capsules for bottle necks, having a hole through them 
insertion of glass tubes are handier, and more likely to be gas- 
lan the ordinary corks. 



SPECIFIC HEAT OF SOLIDS AND LIQUIDS. 



aoid . . . . 
l(8p.gr. -793). 
mm . . . . 
)ny, cast . . 



ax. 
e . 



common 
&re . . 



iim 

white 

•al, animal, calcined 
>al, wood .... 
rhite, bnmed . . . 



nd. 



tie. 



bmd .... 
rrought . . . 



(Water as 1.) 



•6689 

•622 

•2143 

•05077 

•0814 

•45 

•al952 

•48 

•08084 

•09391 

•2 

*22 

•06669 

•21486 

•260a5 

•24111 

•185 

•2777 

•10696 

•09216 

•14687 

•5207 

•19768 

•03244 

-20187 

•604 

•06412 

•12983 

•11379 



f Lead 

Lime, burned . . . 

Lithium 

Magnesium. . . . 

Mauganese .... 

Marole, white . . . 

' Mercury 

! Nickel 

Oil, olive .... 

Oil, sweet .... 
' Oil of turpentine . 
>= Palladium .... 
, Phosphorus . . . 
■ Pine 

Platinum .... 
' Potassium .... 

Selenium .... 
' Silicon, crystali^ed . 

Silicon, fused . . " . 

Silver 

Sodium 

Spermaceti .... 

Steel 

Sulphur 

Sulphuric acid . . 

Tellurium .... 

Thallium .... 

Tin 

Zinc 



•0314 

•217 

•9408 

•2499 

•1217 

.21585 

•03332 

•1086J^ 

•3096 

•31 

•472 

•0592S 

•18949 

•66 

08243 

•1696 

•07616 

•1774 

•175 

•05701 

•2934 

•32 

•1175 

•20269 

•383 

•04737 

•0386 

•06695 

*09665 



meaning implied in the term " specific heat," or more correctly,. 
lAo capacity," is the quantity of neat required to raise the tern- 
re of a substance 1° Fahr. — water being taken as the standard 
pftrison. 

example : the specific heat of mercury is •08332, by which is to be 
tood that thirty times as much heat is required to raise water 
Ten temperature as an equal weight of mercury. In ottier words,, 
antity of heat which would raise the temperature of any given 
of mercury through 1° Fahr., would only raise the temperature 
Le weight of water through •03882'^. 
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SUNDRY USEFUL INFORMATION RELATING TO 
GAS WORKS, GAS APPARATUS, GAS MANUFACTURE 

AND SUPPLY. 

In oliosing the site for a gas works, consideration should be had to its 
position, which should be at the lowest, or nearly the lowest part of 
the district, to obtain the advantage of the natural increase in the 
pressure of the gas in travelling to the higher levels. 

It should, if possible, be alongside a railway, navigable river, or 
canal, for convenience in the delivery of coal ancl other materials, and 
the disposal of such of the residual products as are despatched to a 
distance. 

The buildings and apparatus should not be squandered or sprawling 
over the site, occupying unnecessary space, but compact and harmo- 
nious, so that the different processes may be conveniently carried on, 
and economical in the workmg. 

The buildings and plant should be so set out on the land as to admit 
of future extensions being made with ease and economy. 

It is hot neicessary or desirable that the buildings of a gas works 
should be as strong as a castle ; but it is a mistake to set up unstable 
and flimsy structures that entail an annual expenditure for repairs, 
enhancing the cost of working. 

Excessive and unnecessary ornamentation is to be avoided in all 
work of this kind. All ornamentation, however, is not useless. Blank 
thick walls, for example, are not necessarily stronger than others well 
proportioned— thinner and lighter in parts, but strengthened by suit- 
able projections, that add to me symmetry of a building, and break the 
dull uniformity. 

The same remarks hold good as respects design in apparatus. Taste 
should hot be neglected, and there is scope for the exercise of good 
taste in most departments of a gas works. 

The design of a structure should be in keeping with the purpose for 
which the structure is intended. 

Capital is best spent on substantial tanks and apparatus. Mere, 
ornament should be a secondary consideration. 

One of the evidences of good administrative skill in the conduct of a 
gas works, is the ensuring that extensions are carried out systematiddly 
and with foresight, and in a substantial manner. To postpone them to 
the very last extremity, or to erect makeshift buildings and apparatus, 
is to starve the concern, which is the worst policy possible for the 
undertaking and all connected therewith. 

The average cost of gas works in provincial towns is about £1 per 
bead of the population. In very large towns it will amount to more, 
And in very small towns it will BCaroeVy T^«Lc\i^hSit sum. 
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The average cost of gas works per million cubic feet of gas produced 
per annum is from £700 to d£800; or at the rate of about 168. per 
1000 cubic feet. 

The capital of a well-managed gas company does not usually amount 
to more than four times tlie annual gas rental. Vice verad, the gas 
rental should be at least one-fourth of the capital. Reckoned on tiie 
maximum production of gas in 24 hours, the capital vfUl amount to 
about 28. 3d. per cubic foot. 

The population per mile of main is usually about 2000 people. In 
densely populated towns it will rise to 3000 ; but in fashionable resi- 
dential places, where the houses stand more apart, the population per 
mile of main will fall below 1000. 

The usual consumption of gas per mile of main in large towns is. 
from 2} to 4 millions of cubic feet per annum ; and in small towns from 
2 to 3 millions. 

The gas rental per mile of main usually ranges from .^'400 to 4*600 per 
annum. 

The average consumption per head of the population in large towns 
is about 20()0 cubic feet |>er annum; in small manufacturing towns- 
About 1600 cubic feet, and in agricultural towns about 1000 to 1200 cubic 
feet per annum. 

The usual annual increase in the consumption of gas is from 7 to 
10 per cent. In rapidly growing districts it will range considerably 
higher. 



TABLE 

Showing tlie Time in which the Yearly Consumption of Gas will he 
Doubled., at different Annual Bates of Iticreasc. 



Bate 
percent. 

of 
Inerease 
p«r ann. 



Time in whicli the 

Consumption 
wlU be Doublud. 



St 85 years, 1 day. 

a} 28 years, 26 days. 

8 ,28 years, 164 days'. 

8} '90 years, 54 days. 

4 17 years, 246 days. 

■ 4i 15 years, 278 days. 

6 14 years, 75 days. 



! Kate 1 
per cent. 

of 
Increase, 
per ann.j 


Time in which the 

Consumption 
will be Doubled. 



n 

8 
8i 



Rate 
per cent. 

of 

Increaiie 
perann.' 



|12 years, 345 days.; 9 

111 years, 327 days.' 9^ 

;ll years, 2 days.; 10 

10 years, 89 days. 10^ 

9 years, 218 days. 11 

9 years, 2 days. 11^ 

8 years, 181 days. 12 



Time in which tire 

ConHumption 
will be Doable<l. 



8 years, 
7 years, 
7 years, 
6 years, 
6 years, 
6 years, 
6 years, 



16 days^ 
288 days. 
100 days. 
844 days. 
284 days. 
184 days. 

42 days. 
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TABLE 

BJioiving the Approximate Sum (or ths Equivalent of the Artnuit 
paid for ea^h £100 of Share Capital of Gas Companies on the p 
cliuae of the Gas Works by Mufiicipal Corporations^ Commission 
or Local Boards^ in the several undermentioned Tou*ns. 



Name. 



Tear 

when 

Pur- 

cliased. 



Approximate 
wuii(orthe 
Equlyalent of 
the AnnnitieH) 
paid for each 

:£lOOOf 

Share Capital 



Remarks. 



Aberdeen .... 

Alloa 

Arbroath .... 
Ashton-in-Makerfield 
Atherton .... 

Bangor 

Belfast 

Birkenhead . . . 
Birmingham . . . 

Birstal 

Blackburn .... 
Bolton . . . . . 

Bradford .... 



Briton Ferry . 
Broughty Ferry 
rnle 



Burnley 
Burslem . . . 
Bury (Lancashire) 



Chorley 
Cleckheaton 
Clitheroe . 
Colne . . 



Darlington . . . 
Dewsbury and Batley 
Droitwich .... 
Dukinfleld. . . . 
Dumbarton . . . 
Dumfries .... 
Dundee 



1871 
1877 
1871 
1876 
1873 

1878 
1874 
1858 
1875 
1872 
1877 
1872 



1871 



1873 
1870 
1854 
1877 I 
1859 

1871 
1870 
1878 
1877 



•i 



East Retford . 
Evesham . . 



Forfar . 
Glasgow 
Halifax . 



1878 
1878 

1871 

1860 

1856 



Hereford 1872 



£ 

250 
282 
176 
160 
160 

250 
198 
220 
196 
187 
285 
204 



882 



210 
150 
300 
222 
250 

250 
205 
210 
287 



1854 


216 


1873 


205 


1878 


149 


1877 


250 


1878 


225 


1878 


161 


1868 


160 



200 
129 

187 

209 

250 

H61 



Non-statutory Company. 



( \ A sum of dei62,866 had been 
< j pended out of. profits In ext 
ing the works. Capitalizing 
1 sum, the amount paid per . 
I . is only £96. 

j 

', Non-statutory Company. 



Non-statutory Company. 



• V 



Non-statutory Company. 



. J A sum of £24,000 had been 
I ' pended out of profits in exti 
ing the works. Capitalizing 
j f sum, the amount paid per i 
V vft£172. 
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Name. 



30d . . 

ay . . 

astle 

jrsfield . 

>n . . 

less . . 

mock . 



tiUoch . 



.ter 



Year 
when 
Pur- 
chased. 



1887 
1872 

1876 

1872 

1878 
1875 

1872 



1878 



Approximate 
Bom (or t:ie 
Eqniva'.ent of 
the AnnoitieH) 
paid for each 

£100 of 
Share CapitaL 



208 
208 

117 

204 

177 
158 

150 



I'einarkH. 



idno 

an . . 

esfleld . 

leld . . 

ort . . 



try 

.stie-under-Lyme 

gham .... 

n 

>arwen .... 

un and Hapton . 

f 

h 



• • • • 



ale . 
rham 

kWalden . . .1 

lens ' 

>v Bridge . . .: 

m-Trent . . . 

•rd-npon-Avon . J 

-in-Ashfleld . . 



ley . 
ton . 

igton 



1877 



1874 



200 



1870 


140 


1878 


217 


1874 


200 


1876 


175 


1877 


200 


1861 


250 


1878 


250 


1876 


118 


1874 


125 


1866 


150 


1878 


180 


188) 


250 


1878 


190 


1874 


162 


1858 


250 


1878 


188 


1876 


200 


1845 


160 


1877 


191 


1871 


156 


1844 


167 


1870 


205 


1878 


111 


1876 


272 


1861 


156 


1878 


262 


1878 


250 


1879 


188 


1878 


261 


1865 


167 


1874 


212 



240 



208 



Non-statatory Ck>mpany. A sum 
of £8,000 had been expended oat 
of profits on extending tbe works, 
which sam was capitalized. 

Non-statutory Company. 



, A sum of £1,800 had been expended 
out of profits on extending the 
, works. Capitalizing this sum, 
I the amount paid per £100 is 
; £169. 



{ 



Site belonged to Corporation, an^ 
works and plant taken at a 
valuation. 

I Non-statutory Company. 



Non-statutory Company. 



I The Company were allowed to 
' capitalize £12,500. Adding this 
I to the share capital, the sum 
' paid per £1.<I&\&£V\\. 
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AVERAGE COMPOSITION OF LONDON GAS BY VOLUME. 

(Dr, Lethehy, 1866.) 



Common Gas. 

Hydrogen 46'0 . . 

Light carburetted hydrogen . . . dQ'ii . . 

Olefiantgas SH. . . 

Carbonic oxide 7*5 . , 

Carbonic acid 0*7 . , 

Aeneous vapour 2*0 . . 

Nitrogen 0*6 . . 

1000 



Cannel Qk&. 
. 27-7 
. 500 
. 13-0 
. 6-8 

01 

20 

0-4 



1000 



Belative Value of Different Illuminating Agents in Regard to their 
Illuminating Properties* {Dr. Letheby, 1866.) 



Name. 


Bate of CunHiunption 
per Hoar. 


Illuai. Power. 
( Sperm.''I90 Ki».i 


Qiuintitv = 
14 CaadW 


Cannel Gas . . . 


4 feet 


18-67 


8 feet. 


Coal Gas . . . 


5 


>i 


U-00 


5 


n 


Benzole .... 


801 


grs. 


4-91 


867 


grs. 


Paraffin Oil ... • 


265 


»» 


711 


622 


f9 


Sperm Oil . . . 


688 


»» 


10-00 


960 


ty 


Colza Oil. . . . 


648 


>> 


901 


1006 


fy 


Paraffin Candles . . 


122 


«» 


1-46 


1171 


fy 


Sperm „ 


182 


•» 


1-35 


1440 




Wax „ . . 


168 


•» 


1-48 


1652 




Stearic „ . . 


liO 


»» 


118 ; 


17S2 




Composite „ 


144 


»» 


1-08 ' 


1868 


99 


TaUow „ . . 


145 


.« 


0-88 


2542 


«» 



TABLE 

Comparing Gas with the other Ordinary Light-giving Mq>teriaU, 

{Dr. Letheby.) 

5 cubic feet of common gas (at 4s. per 1000 cubic feet) give a light 
equal to— 

2*5 Argand lamps, burning the best sperm oil at the rate of 188 grains 
per hour (price of sperm, Sh. per gallon) ; or, 

23 mould tallow candles of six to the pound, each burning at the 
rate of 145 grains ner hour (price 6d. per lb.) ; or, 

18 common oil lamps, burning the best sperm oil at the rate of 188 
grains per hour (price of sperm, 8s. per gaJlpu) ; or, 

13 sperm candles, six to the pound, each burning at the rate of 188 
grains per hour (price 28. per lb!) ; or, 

15 composition candles, six to the pound, each burning at the rate of 
136gninB per hour (price 28. per lb.) ; or, 

I6'25 wax candJes, six to the pound, (28, per lb,). 
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Estimatinjg the cost of the gas and other light-giving materials at 
the price afoxed, we have the next 

TABLE 

Showing the Belative Cost of the Various Illuminating Agents. 

Gas equal to 1 

Sperm Oil burnt in Ar^nds ,, 8 

Mould tallow candles, six to the pound . . „ 12 

Sperm oil burnt in an open lamp. .... „ 17 . 

Si)erm candles, six to the pound „ 24 

Composition candles, six to the pound. . . „ 29 

Wax candles, six to the pound .•..•.. „ 80 

In other words, Is. worth of gas will ^o as iar in the production of 
light as 8s. worth of sperm oil burnt in an Argand lamp, or 12s. Vorth 
of ordinary mould candles, or 17s. worth of sperm dil burnt in an open 
lamp, or 24s. worth of sperm candles, or 29s. worth of composiuon 
caQoIes, or 30s. worth of wax candles. 






>» 



j» 



>» 






>> 



>» 



» 



♦> 



f> 



>> 



>> 



TABLE. 

SJu/wing the Belative Proportions which the Ordinary Light-giving 
Materials hear to 1000 Cubic Feet of IS-Candle Gas^ as estimated hy 
Mr» Lewis Thotnpson. 

48? lbs. of carefully snuffed wax candles. 
62^ lbs. of best mould candles. 
54^ lbs. of best dip candles. 
6^ gallons of purified colza oil, Spe- 
cific gravity, '915 
5^ gallous of sperm oil. Specific 

fravity, '888. 
^ iff erent light-giving materials may 

be readily estimated from the foregoing tabular statement of relative 
proportions. Thus, for instance, it the cost of gas be 4s. 6d. per 1000 
cubic feet, the cost of wax candles that yield an equal quantity of light, 
at 2s. 4d. per lb., would be ^65 14s. 

RELATIVE VALUES OF ILLUMINATING AGENTS, 

In respect of their Heatincf and Vitiating Effects on the Atmosphere^ 
when burning so as to Give the Light of 12 Standard Sperm Candles. 

(Dr. Lethebtj.) 

■n. — a_ _* Oxygen Carbonic Air 

Consumed Acid Produced Vitiated 

(Cubic Feet). (Cubic Feet). (Cubic Feet). 



Cannel gas . . 
Common gas . 
Sperm oil . . . 
Benzole .. . . 
Paraffin . . . 
Camphine . . 
Sperm candles. 
Wax candles . 
Stearic candles 
Tallow candles 



Pounds of 
Water Heated 
PFahr. 
.. 1950 . 
2786 . 
2336 . 
2326 . 
3619 . 
3261 . 
3517 . 
3831 . 
3747 . 
6064 . 



3-30 
6-46 
4-75 
4-46 
6-81 
6-65 
7-57 
8-41 
8-82 
12-06 



2.-0I 
3-21 
3-33 

a-54 

4-50 
4-77 
5-27 
5-90 
6-25 



60-2 

80-2 

88-8 

88-5 

112-6 

119-2 

131-7 

149-6 

166-2 
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TABLE 

Indicating the Comparative Salubrity of the Several IHu/minating 

Materials, 

The flame of coal gas; and the flames of several combustible bodies 
that gave an amount orf light e^ual to it, were burned separately in 
given quantities of atmospheric air, and the times were noted at which 
the flames were extinguished by tiie contamination of the air. The 
following were the results : — 



Olive oil 

Jlussian tallow .... 

Sperm oil 

Stearic acid 

Wax candles 

Spermaceti candles . . 
Coal Gas (13 candles). . 
Cannel Gas (28 candles) . 

From which it appears that the atmosphere of a confined room lighted 
by cannel gas will support life tmce as long as the atmosphere of the 
same room lighted equally by tallow candles. 



extinguished in 71 minutes 


72 




76 




76 




77 




79 




83 




98 




152 





Belative Cost of the Magnesium Lights Stearin Candles^ and Common 

Coal Gas. {Dr. FratiJcland^ 1866) 

2i oz. of magnesium wire, at 21s. per oz. . . . JB2 12 6 

20 lbs. of stearin candles, at Is 100 

404 cubic feet of 12-candle gas, at 4s. 6d. per 1000 1 9| 



TABLE. 
Calorific Power of Various Photogenic Coinpounds {F. J. Evans.) 



Cubic Feet 
Name of Gas, &c. to 

One Pound. 



Hydrogen 

Newcastle gas, sp. gr. -410 
Cannel gas, sp. gr. '500 . 
Oil gas, sp. gr. *826 . . . 



Sperm candles, 6 to the lb. 



3peTm oilf burnt in a lamp 



180-0 . 
32-4 . 
26-5 . 
16-69 . 



Pounds of Water Pounds of Water 



raised 1° 

by the 

Consumption of 

1 Foot of Gas. 

. . 300 . .. 

. . 660 . . 

. . 760 . . 

. . 1200 . . 



raised 1° 
by the 
Consumption of 
1 lb of Gas. 

. . 64,000 

. . 21,060 

. . 20,140 

. . 19,300 

1 lb. of candles. 
17,667 

I lb. of oil. 
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GOLDEN BULES FOR GAS MANAGERS.' 

Keep up the heats of the retorts. 
Keep up the efficiejicy of the meters. 
Keep down the pressure in the mains. 
Keep down the arrears in the gas ledger. 



MISCELLANEOUS. 



BRICKS AND BRICKWORK. 

Usual Dimensions of Bricks. 

9 inches long; 4^ inches broad; 2| inches tlpck. 

Weight of 1000 common clay bricks, about 3i tons. 

Weight of 1000 fire-clay bricks, about 3§ tons. 

305 common clay bricks weigh about 1 ton. • 

800 fire-clay bricks weigh about 1 ton. 

82 bricks laid flat will pave one square yard. 

52 bricks laid on edge will pave one square yard. 

Number of bricks in a cubic yard, without mortar, 416. 

Number of bricks in a cubic yard, with mortar, 384. 

In England, biickwork is generally calculated by the square rod. 

A rod of brickwork measures 16i feet x 16i feet x IJ foot = 306 
cubic feet, or llj cubic yards. 

A rod of brickwork = 272 superficial feet, li brick, or 18§ inches 
thick, which is called the standard thickness. 

Number of bricks in a rod of brickwork, allowing for waste, 4,500. 

To reduce brickwork from superficial feet of 9 inches thick to the 
standard thickness of 13i inches, deduct one-third. 



'*' These rules are as applicable to-day as they were on the first day they wore 
peiinod, as they embody all the philosophy of gas management. A strict 
adherence to the advice which they give will ensure the success of any gas 
undertaking, just as a disregard of them will result in loss and disaster. 

It has been attempted (with little success, and less reason) to impugn the 
utility of the 8rd rule. To keep down the pressure in the day time, say c^rtaui 
writers and speakers, is to discourage the use of gas for cooking and heating. 
But, surely, to make such a remark is to betray an amount of dulness not easy 
to understand. It should be obvious to the meanest comprehension that it is 
not advised that the pressure should be kept down to an abnormal rate. What- 
ever pressure is required either by day or night must of course be maintahied; 
tpe rule indeed implies as much, but it implies something more — its object is to 
d/scoantenance the maintenance of a wasteful pressure, and all pressure in 
excess of actual requirements is wasteiuV. Vcrbum %al «apieuti. 
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To reduce brickwork from cubic feet to superficial feet of the standard 
thickness of 13^ inches, deduct one ninth. 

To reduce brickwork from cubic feet to rods, divide by 306. 

To reduce brickwork of more than 1§ bricks thick to su^rficial feet of 
the standard thickness of 13^ inches, multiply the area in feet by the 
number of half bricks in thickness, and divide the product by 3. 

To reduce brickwork footings to superficial feet of the standard 
thickness of 13i inches, multiply the length by the height of the 
courses, in feet, and the product by the number of half bricks in the 
mean breadth, and divide by 3. When the number of courses is odd, 
the number of half bricks in the middle course is the mean. When the 
number of courses is even, the mean breadth is found by taking half 
Uie sum of half bricks in the upper and lower courses. 



Bond in Brickwork, 

English bond is the strongest, and is a course of stretchers and a 
course of headers alternately, or one course of headers and one course 
of stretchers. 

^Flemish bond is a header and stretcher laid alternately in the same 
course. 

•Hoop-iron, when used as bond, should be well tarred and sanded, and 
bedded in Portland cement. 

A rod of brickwork in ordinary buildings requires about — 

1 cubic yard of lime. 
2| cubic yards of sand. 

A rod of brickwork in a gasholder tank requires about — 

If cubic yards of blue lias lime. 
2^ cubic yards of sharp river sand. 

A rod of brickwork requires about — 

If cubic yards of Roman or Portland cement. 

1| cubic yards of sharp river sand. 
A cubic yard of quicklime . . . weighs about 1460 lbs. 
„ „ blue lias quicklime „ „ 1470 „ 

„ „ Portland cement „ „ 2416 „ 

„ „ Roman cement „ „ 1700 „ 

„ „ dry sand weighs „ „ 2430 „ 

The above materials, when made into mortar, lose about one-third of 
their bulk. 



aio 
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TABLES 

Showing the Number of Bricks in Walla of different Areas, from 
^ a Brick up to 4 Bricks thick. Beckoned at 4,500 Bricks to the Bod 
(272 feet super.) , allowi-ngfor Waste. 





Table I.— 


From 1 to 50 Superficial Feet. 






ArcaofWaU. 


4 Brick 


1 Brick 


U Bricks 


a Bricks 


^ BrickH 


8 Bricks 


1 
Sj Bricksl 4 BrirkH 


iiap. Feet. 


on Bed. 


thick. 


Uiick. 


thick. 


thick. 


thick. 


thick. 


thick. 


1 


6 


11 


17 


22 


28 


88 


89 


1 ^* 


2 


11 


22 


33 


44 


55 


66 


77 


' 88 


8 


17 


33 


50 


68 


1 88 


99 


116 


132 


4 


22 


44 


66 


88 


110 


182 


154 


176 


5 


28 


55 


88 


110 


188 


165 


198 


, 221 


6 


88 


66 


99 


132 


i 165 


199 


282 


265 


7 


89 


77 


116 


154 


193 


232 


1 270 


809 


8 


44 


88 


182 


176 


221 


265 


' 809 


858 


9 


50 


99 


149 


199 


248 


298 


847 


897 


10 


55 


110 


165 


221 


276 


381 


886 


441 


11 


61 


121 


182 


243 


308 


1 864 


425 


485 


12 


66 


182 


199 


265 


381 


' 897 


463 


1 529 


18 


72 


148 


215 


287 


358 


480 


502 


! S74 


14 


77 


154 


232 


309 


386 


463 


540 


618 


15 


88 


165 


248 


331 


i 414 


496 


679 


1 608 


16 


88 


176 


265 


358 


i 441 


529 


618 


■ 706 


17 


94 


187 


281 


375 


469 


563 


656 


750 


18 


99 


199 


298 


897 


496 


596 


695 


794 


19 


105 


210 


314 


419 


524 


1 629 


788 


i 8»« 


20 


110 


221 


331 


441 


i 551 


i 662 


772 


m 


21 


116 


282 


347 


468 


579 


695 


811 


926 


22 


; 121 


248 


364 


485 


607 


1 728 


849 


971 


28 


127 


254 


881 


507 


' 684 


i 761 


888 


1015 


24 


182 


265 


397 


629 


662 


' 794 


926 


1059 


25 


1 188 


276 


414 


651 


: 689 


1 827 


966 


1108 


26 


148 


287 


430 


574 


' 717 


860 


1004 


1147 


27 


149 


298 


447 


596 


744 


893 


1012 


1191 


28 1 


154 


309 


463 


618 


1 772 


926 


1081 


1285 


29 i 


160 


320 


489 


640 


■ 800 


960 


1119 


1379 


30 


165 


881 


496 


662 


827 


998 


1168 


1824 


31 


171 


842 


518 


684 


, 855 


1026 


1197 


1868 


82 


176 


353 


529 


706 


882 


1059 


1286 


1412 


88 


182 


864 


546 


728 


910 


1092 


1274 


1456 


84 


188 


375 


563 . 


750 


938 


1126 


1818 


1500 


85 


198 


386 


679 


772 


965 


1158 


1861 


1544 


86 


199 


397 


696 


794 


993 


1191 


1890 


1588 


87 


204 


408 


612 


816 


; 1020 


1224 


1428 


1683 


88 


210 


419 


629 


888 


, 1048 


1257 


1467 


1676 


89 


215 


480 


645 


8B0 


1075 


1290 


1606 


1731 


40 


221 


441 


662 


882 


1 1108 


1824 


1544 


1766 


41 


226 


452 


678 


904 


i 1181 


1857 


1588 


1809 


42 


282 


468 


695 


926 


U58 


1890 


1621 


1868 


48 


287 


474 


711 


949 


1186 


1428 


1660 


1887 


44 


243 


48a 


728 


971 


1218 


1456 


1699 


1941 


45 


248 


496 


744 


993 


, 1241 


1489 


1787 


1966 


46 i 


254 


507 


761 


1015 


1268 


1522 


1776 


2029 


47 1 


1 259 


51K 


778 


1087 


1 1296 


1566 


1814 


2074 


49 1 


' 2&5 


529 


794 


1059 


1324 


1588 


1858 


2118 


270 ' 


540 


811 


1081 


1351 


1621 


1892 


2162 


^ // 


276 


561 


827 


noa 


\«1^ 


^ \«S4 


^ 1980 


2206 
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TABLES 

SJwwitig the Number of Bricks in Walls of different Arcas^ front 
i a Brick up to i^ Bricks thick. Beckoned at 4,600 Bricks to the Bod 
(272 feet super.), allowing for Waste. 

Table II. — Frotn 51 to 100 Superficial Feet. 



Area <rf Wall. I ^ Brick t 1 Brick 
Sap. Feet. ou Bed. : thick. 



li Brickrij 'J Britkrt 2.) BrickH » Brickri 
thick. : thick. ; thick. : tliick. 



8| Brickti 4 Bricks 
thick. I thick. 



£1 
£2 
£8 
64 
55 
56 
57 
58 
59 
60 
«1 
«2 
^8 
64 
65 
€6 
ffj 
^8 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
■80 
SL 
•82 
.83 
84 
.85 
^ 
-87 
88 
.89 
^ 
91 
^2 
98 
94 
95 
96 
97 
96 
99 
100 



281 
287 
292 
298 
808 
809 
814 
820 
825 
331 
336 
842 
347 
358 
858 
864 
869 
875 
881 
386 
892 
897 
408 
408 
414 
419 
425 
430 
486 
441 
447 
452 
458 
468 
469 
474 
480 
485 
491 
496 
502 
607 
518 
518 
524 
529 
535 
540 
546 
551 



563 


844 


574 


860 


684 


877 


596 


898 


607 


910 


618 


926 


629 


943 


640 


960 


651 


976 


662 


993 


673 


1009 


684 


1026 


695 


1042 


706 


1059 


717 


1075 


728 


1092 


739 


1108 


750 


1125 


761 


1142 


772 


1158 


783 


1175 


794 


1191 


805 


1208 


816 


1224 


827 


1241 


838 


1257 


849 


1274 


860 


1290 


871 


1307 


882 


1824 


898 


1340 


904 


1357 


915 


1373 


926 


1390 


988 


1406 


949 


1428 


960 


1489 


970 


1456 


982 


1472 


998 


1489 


1004 


1506 


1015 


1522 


1026 


1589 


1037 


1555 


1048 


1572 


1059 


1588 


1070 


1605 


1081 


1621 


1092 


1688 


1108 


1664 



1125 
1147 
1169 
1191 
1213 
1235 
1257 
1279 
1301 
1823 
1346 
1368 
1390 
1412 
1434 
1456 
1478 
1500 
1522 
1544 
1566 
1588 
1610 
1632 
1654 
1676 
1699 
1721 
1743 
1765 
1787 
1809 
1831 
1858 
1875 
1897 
1919 
1941 
1963 
1985 
2007 
2029 
2051 
2074 
2096 
2116 
2140 
2162 
2184 
2206 



1406 
1484 
1461 
1489 
1517 
1544 
1572 
1599 
1627 
1654 
1682 
1710 
1737 
1765 
1792 
1820 
1847 
1875 
1903 
1939 
1958 
: 1985 
i 2013 
i 2040 
, 2068 
2096 
2128 
2151 
2178 
2206 
2288 
2261 
2289 
2816 
2344 
2371 
2899 
2426 
2454 
2482 
2509 
2537 
2564 
2592 
2619 
2647 
2675 
2702 
2730 
2757 



1688 
1721 
1754 
1787 
1820 
1853 
1886 
1919 
1952 
1985 
2018 
2051 
2085 
2118 
2151 
2184 
2217 
2250 
2283 
2816 
2349 
2382 
2415 
2449 
2482 
2515 
2548 
2581 
2614 
2647 
2680 
2718 
2746 
2779 
2818 
2846 
2879 
2912 
2945 
2978 
8011 
8044 
8077 
8110 
8148 
8176 
8210 
8248 
8276 
8309 



1969 
2007 
2046 
2085 
2128 
2162 
2200 
2239 
2278 
2316 
2355 
2898 
2482 
2471 
2509 
2548 
2586 
2625 
2664 
2702 
2741 
2779 
2818 
2857 
2895 
2984 
2972 
80U 
8050 
8088 
8127 
8165 
8204 
3248 
8281 
8320 
8358 
8897 
8486 
8474 
8518 
8561 
8590 
8629 
8667 
8706 
8744 
8788 
8822 



2250 
2294 
2888 
2882 
2426 
2471 
2616 
2669 
2608 
2647 
2691 
2786 
2779 
2624 
2868 
2912 
2956 

aooo 

8044 
8088 
8182 
8177 
8221 

I 8266 
8809 

i 8868 
8897 
8441 
8485 
8629 
8674 
8618 
8662 
8706 
8760 
8794 
8888 
8882 
8926 
8971 
4016 
4059 
4108 
4147 
4191 
4286 
4279 
4824 
4868 
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TABLBB 
Shavjing the Nambsr of Brieki in Watlt of different Areaa, from 
i a Brick uptoi Bricks thick. Seckoned al 4,600 Bricks la the Sod 
(272 feet auper), allowing for Waste. 



Table UI,- 



(110 to A 



I Superfleidl Feel. 



BOSS BUeil 0099 



8KH 6507 I mil 



^S 


6893 


M72 ■ 


6736 






EBW 


77aj 


8931, 












W26 1 


esan 




10,467 






10,688 


7500 


9^ 


10,01» 
U360 




oesi 


11481 




vtm 






io,3oa 


ia;iii3 


HH8a 


10,47H 


ia.674 


8608 


0,761 










9M4 




miKe 


oaM 




1B897 




1,»57 


14,»2B 




i%m 


14,B69 








10,U7 


1IS*H 






\2im 


16,fiDl 


10,6SS 


1»*W 




10^ 






ll,'i50 


laiia? 
n,offii 


18,644 


lllflBl 




17,587 


um 


I4i»in 


nisca 






18!&i9 






18,360 


13,7114 




iBoai 


18,015 




ifl^aa 


isica 


ifijwi 





HJIS 
15,441 






t,iBricltHptoi 



r »/ Brick, i,, W.II, of i 



^•Z.-^'- !."S3. ',£•■ ''£•■• '«•"* 



',£;.-,'•:■£? "'JS'-'', 
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TABLES 

Hlioiciiig the Nvmber o/ Bricks hi Wallt of different Areas, from 
i a Briek up to i Bricks thick. Beckoned at 4,600 Bricks to the Bod 
(272fret super.), allowing for Waste. 

Table V.—From 2100 fo 250,000 Superficial Feet. 



3800 uesi 2&£m i»a<i mian 

MOO ' 13,^36 xm auTie tifiu 

JSOO 14ltH8 MSia 4SJ)16 S7,tl53 

8700 It B9D ^779 41 SUB I9Jim 

leoo 15 Ml an «w Kim hi 7«6 

.^900 iGess 81.^89 iijne m nil 

Booo i6,Hi saotw iBj(a2 00470 

BlOO 17 09B U 191 ri JB7 W^ 

aSOl 1764 Ik,^4 Gj^l 7 ,li8e 



ioS 


t3?ls 


M 170 


HIS M 
BSJS, 


iF.^! 


is"' 8^ 


tssi^ 


mm 














15H,»"J 


law*. 


as 10a 














IBBJH 


-3718 














189,706 




416* 


tut 


JJ J15 


l_l,t 1 


li -1 


ie9,8&.i 
17371a 


138,39 








01471 




IB 201 




■mso 
















aojwa 




iH41 




LJW 










87 021 






OKflW 








BiejTC 










137 KOS 




191 oir 


Mttjas 














8B1 oai 


















WI7I1E< 


110J91 














frnin'' 


ISTJlHfl 










«37 20r 




103911 










' 


II 

si 


III 

jiMioa 


is 

,436 471 
,867,647 












JlfI7( 


J70-i,aofl 


088,^ 














^S9BM 








fWfiisi 














im7aoi 


40M-WU 






Jil2 4H 


Ja(i,*BU 


7fllWB0 


41W11'4 


Kl biV 


ttmjlll, 








S174-6r 


























IOS,<WiA7 71 


SIX'tJ 






Kavjoa 




401,810 8 J 


IOB.RM 4,116 








W4WlA*P6,8B2aaW,B«l 


U7I1B 








1,820,118 


S7%a"()i7B7,a68UMJW9B 


UTOBBJl * 









96u07 iio,aH 



UH OSH 1 ja.'^ 
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MORTAR AND CONCRETE. 

Mortar. 

By Measure. 

IJime 1 part. 

Sharp river sand 3 parts. 

or, 
JJinie 1 part. 

Sand 2 parts. 

Blacksmith's ashes or hard coke, ground . . 1 part. 

Coarse Mortar. 

Xiime 1 part. 

Coarse sand 4 parts. 

Hydraulic Lime Mortar 

Best blue lias lime 1 part. 

Clean sharp river sand 2 parts. 

or, 

Best blue lias lime 1 part. 

Burnt clay 2i parts. 

or, 

Best blue lias lime 1 part. 

Puzzolana 1 part. 

Clean sharp sand 6 parts. 

Cement Moiiar. 

Cement, Portland 1 part. 

Clean sharp sand 3 parts. 

The lime should be fresh burnt, and not more than sufficient of the 
Qortar for a day's work prepared at once. The cement mortar should 
•nly be made as it is being used. 

Concrete, 
Blue lias lime concrete (for foundations) — By Measure. 

Gravel, shingle, broken stone, bricks, or old retorts, 

1^ to 2 inches cube 6 parts. 

Glean sharp sand 2 parts. 

Blue lias or other hydraulic lime 1 part. 

Portland cement concrete (for tank walls) — 

Gravel, shingle, broken stone, bricks, or old retorts, 
1) inches cube 7 parts. 

Clean sharp sand 2 parts. 

Portland cement \^^q«x\.. 
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Mastic Cement for Buildings. 



1 part red lead. 

5 parts ground lime. 

5 parts sharp sand. 

Mix with boiled linseed oH. 



1 part red lead. 
5 parts whiting. 
10 parts sharp sand. 

Mix with boiled linseed oil. 



Clean sharp sand ^ot having its particles rounded by attrition) 
should always be usea in the composition of mortar when it can be 
procured; but, otherwise, clean well-burnt ashes may be substituted. 

In preparing ordinary mortar it is desirable to mix a small propor- 
tion of smithy ashes with the lime and sand. On this subject Mr. 
Graham Smith remarks (""Engineering Papers," p. 20) : "The im- 
portance of the admixture of ashes with mortar to be atmospherically 
dried will be shown by the following results : The bricklayers' 
mortar, with common bricks, after a lapse of 84 days, broke with 
570 lbs. ; when sand was substituted in place of ashes — ^that is, when 
the proportions were, 1 slaked lime, -2 sand, and no ashes — ^it only re- 

auired 257 lbs. to tear asunder the. bricks. These are the averages of 
dree experiments. This is no doubt attributable to the ashes being 
porous ; they thus allow greater facilities for the absorption of carbonic 
acid from the atmosphere." • 

The more sand that can be incoi^porated' with' the lime the better tiie 
mortar, provided the necessary degree of plasticity is preserved. 

A load of mortar is equal to one cubic yard. 

A hod of mortfcr meastires 9 in. X 9 in.' x 14 in. 

Two hods of mortar are nearly equal to a bushel. 

The mortar in a rod of brickwork (4500 bricks) is taken at 1} cwt. 
of chalk lime and 2 loads of sand, or 1 cwt. of stone lime and 2^ 
loads of sand. 



Fire-Clay. 

The value of a fire-clay consists chiefly in the proportion of the 
alumina to the fusible matter (viz., oxide of iron^ and the alkaJies of 
magnesia, potassa and soda, &o.) and to the silica; these being the 
principal ingredients of which it is composed. The larger the 
proportion of alumina to the fusible matter, the more refractory the 
clay. Of two clays containing alumina and fusible matter in the 
same proportions^ that which contains the least silica is the more 
refractory. 

The celebrated clays of Stourbridge, Newcastle-on-Tyne, different 
parts of Scotland, and a few other places, are valuable in t)ie raann- 
lacture of bricks, tiles, and retorts used in furnaces for the distillation 
of coai* 

The table on next page will be io\xii9L \xael\x\ m this tsonnection. 
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73 
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1 


26-48 
21-37 
29-78 
36-09 
29-71 
36-89 
8-85 
34-32 
16-80 
6-90 
1-40 
35-65 
35-00 
37-70 
19-80 
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Stourbridge . . . . 
Plympton, Devonshire . 
Newcastle-on-Tyne . . 
Burton-on-Trent . . . 
Wortley, near Leeds . . 
Derbyshire .... 
Hedgerley, Bucks* . 
Poole, Dorsetshire 
Monmoathshire . . 
Pembrokeshire 
Dinas, Glamorganshire 
Kilmarnock, Scotland 
Perceton, Scotland . 
Govan, Scotland . . 
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Handy Multiplier for Wrought-Iron, 

If the area in square inches of the cross section of any specimen of 
wrought-iroh be multipHed by 3*34, the product will give the weight 
of a lineal foot of such specimen in lbs. 



FLAT BAR IRON. 
Weight of a Lineal Foot in lbs. 
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ROUND BAR IRON. 
Weight of a Lineal Foot in lbs. 
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SQUAEE BAB lEON, 
WeigM <•/ a Lineal Foal in Ibt. 



SHEET IBON AND STEEL. 

Weight of a Superficial Foot in Fottii<U and Fracfiima, tctlh Corre. 

tponding Number and Thickneta of BtnninglHim Wire Gauge. 
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STEEL. 
Weight of One Foot of Boiaid Steel. 
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HOOP moN. 
Tr«<yS^ 0/ 10 Linad Feet. 
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WEIGHT OF CORBUQATED IRON ROOFING. 
.. Br«el X aieettoSfeet x S teet .. Blent. .. 
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WEIGHT m POTMDS OF NUTS AND BOI/T-HEADS. 
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■WEIGHT OF CHAINS. 
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To find the Breaking Weight ofBotmd Bopea of Hemp, Iron Wtr 

amd Steel Wvre. 



Hemp 



(cironin. ins.)^ 



= breaking weight in tons. 



Iron wire (oircmn. ins.)* X 1*6 = breaJdng weight in tons. 
Steel wire (circum. ins.)^ X 2*5 = breaking weight in tons. 
Factor of safety for hemp, iron, and steel ropes — \. 

To find the Weight of Hemp Bopea. 
(Ciroimi. ins.)^ x '26 n weight in lbs. per fathom. 
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Of the Velocity and Force of the Wind. 
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Gentle breeze. 
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Brisk gale. 

Hig^ wind. 

Very high wind. 
Storm or tempest 
Great stocm. 
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The pressTxre or force of the wind is as the square of its velocity. 

The square of the velocity of the wind in feet per second x -005 
^ pressure in lbs. per square foot. 

The resistance of a sphere is abpat one-fourth of that of its grea 
circle. 
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IPBCIFIO GRiVITY and WEIGHT of VARIOUS SUBSTAUCES. 
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MISCELLANEOUS ARTICLES. 

Bale of flax (Bussia) 5 to 6 cwt. 

Barrel bulk 5 cubic feet. 

Barrel of tar 26^ gallons. 

Battens • . Boards 7 inches wide. 

Bushel of coal 80 lbs. 

Bushel of coke 45 lbs. 

Cable's length 240 yards. • 

Cask of black lead 11^ cwt. 

Chaldron of coal 25) „ 

„ coke 12J to 16 cwt. 

Cord of wood 128 cubic feet. 

Deals Boards 9 inches wide. 

Dozen 12 articles. 

Faggot of steel 120 lbs. 

Fodder of lead 19i cwt. 

Gross 12 dozen. 

Hundred of deals . 120 in i^umber. 

„ nails 120 „ 

Keel of coals 21 tons 4 cwt. 

Load of bricks 500 bricks. 

„ inch boards ...... 600 square feet. 

„ lime 32 bushels. 

„ new hay 19 cwt. 32 lbs. 

„ old hay 18 „ 

„ straw 11 „ 64 ,, 

„ sand 36 bushels. 

„ squared timber 50 cubic feet. 

„ unhewn „ 40 „ 

„ tiles 1000 tiles. 

„ 2-inch planks 300 square feet. 

Mat of flax Putch) 126 lbs. 

Pig of ballast 56 lbs. 

Planks . Boards 12 inches wide. 

Quire of paper 24 sheets. 

Beam of paper 20 quires, or 480 sheets. 

Boll of parchment 60 skins. 

Sack of coals 2241bs. 

Score 20 articles. 

Sheet of paper folded into — 

2 leaves is termed. .... folio size. 

4 ., 4to, or quarto. 

8vo, or octavo. 

12md, or duodeoizno. 

16mo. 

. • . 18mo. 

2^no. 

48mo. 

Square of planking' 100 superficial feet. 

Thousand of nails 1200 nails. 

Ton shipping 40 cubic feet. 

Truss of old hay 66 lbs. 

„ new hay 60 „ ... 

M fittaw • . • ^ » 
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OFFICE MEMORANDA. 

Books required in the Keeping of a Gas Company's Accounia, 

1. Ledger (general). 

2. Cash Book (general). 

3. Gas Register, or Ledger, sometimes called '* The Consumers' 

Ledger." 

4. Mill Register, or Ledger. 

This book is devoted to the accounts of all the largest consumers, 
such as millowners, and ihe proprietors of other lar^e estab- 
lishments of any kind where the consumption of gas is heavy. 
They are handier classed together by themselv&s, than mixed 
up with smaller consumers. 

5. Bemovals Book. 

In this book is kept an accoxmt of all changes of residence that 
have taken place amongst consumers during each quarter, the. 
substitution of meters, and the consumption of gas by tem- 
porary consumers, &o. It is a most useful record, and prevents 
confusion by interlineations in tiie regular register. 

6. Quarterly Summary. 

The several pages in the three foregoing books are added up, and 
then brought together here, quarterly, in order to ascertain 
the total consumption, amount due, &c. By means of this book 
it is easy to compare the totals of the different quarters during 
a number of years. 

7. Jonmal, 

Containing entries of all goods sold from the works, with the 
exception of gas. Separate columns should be arranged for 
"Fittings, &c.," "Residual Products," "Miscellaneous," and 
" Total." At the end of each quarter the separate amounts of 
all accounts remaining unpaid are transferred to the 

8. Arrears Fittings, &c., Book, 

Which is entered up at the end of every quarter, and shows the 
amount remaining due (arrears included) for fittings, residual 
products, and miscellaneous. 

9. Daily Receipt (Cash) Book, 

In which is entered the amount of each separate payment made 
to the company on account of " Gas," " Meter Rents," " Fit- 
tings, &c., "Residual Products," and othei* miscellaneods 
items. 

10. Stock-Taking Books, 

For taking the quarterly stock of gas consumed through each 
meter. Two or more are always required, according to the 
number of consumers. The one used (we will suppose) on 
Monday is left at the office that night to be entered up into 
the register, by the clerk, on the day following; and bo on 
alternately. 

IL Black Book, 

In which a record of all bad debts is kept. 
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12. Collector's Book. 

In some cases, checks only are used, with counterfoil. 

13. Beceiving Book, 

In which all delivery notes for goods received by theoomtwmy are 
copied daily. The regular invoice, when received, is checked 
by this book. 

14. Wages and Time Book, 

Containing, in separate columns, a daily account of the number of 
hours worked by each man, the Mnd of woi^, and the place 
where employed, with the amount due as wages at the end of 
each week or fortnight, as the case may be. I 

15. Stores Book, A. 

16. Stores Book, B. 

In t^ one is kept a record of goods sold out of stock^axid in the 
other of goods used out of stock for repairs and extensions of 
plant. The one may be said to relate to revenue^ the otbec 
chiefly to capital. 

17. Stores Ledger, 

Into ^diich the entries in the previous two books are posted to the 
credit of the several accounts (such as " Meters," " Leiud Pipe," 
" Wronght-iron Fittings," &c.), and the items from the several 
invoices are posted to the debit of the several accounts. At ^ 
end of each half year the balance of each account repreiients 
the stock on hand. • This latter is proved to be correct or other- 
wise by the result of the actual stock-taking. 

18. Carbonizing Book— Daily and Weekly Statements, 
Containing a record of me state of the station-meter taken twice 

in the 24 hours (in large works, the state of the meter, it 
recorded every hour); the quantity of coal and oannel^^jised 
daily, the production of gas per ton, and the total dailypro- 
duction. ; the number of benches at work, stokers^ ico. Sacli 
page serves for a week, and is then added up ; an additional 
line is left at the foot of the page, on whicn is entered ihe 
particulars of the corresponding week of the previous year.^ 

19. Public Lamp Begister, / 
Gives particulars of the number of lamps lighted each night; the 

hours of lighting and extinguishing; the hours burning per 
lamp, the total hours burning ; a column into which the 
number of hours, weekly, can be added, and another, for 
remarks. ' ''^ 

20. Test Begfister, 

For noting the results of the different tests of th^ iUcupiinating 
power and purity of the gas. 

21. Shareholders' Begister and Address Book. 

22. Seal Begister and Dividend List. 

23. Begister of Calls. 

24. Begister of Transfers. 

25. Transfer Certificate Book, 

Containing certificates of the registration of shares, to Ito tortt ovl^ 
leaving counterfoil behind. : x 
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6. In voice .Book, 

With blank leaves, into which are gummed all invoices for goods 
received. 

7. Minnte Book. 

A lettered index at the beginning of this book is handy. 

A few other account-books of a less important character may be 
Befol, but the above may be said to be almost indispensable in a well* 
egalated gas company. 

Discount for Early Payment of Qaa BilU. 

• The custom of allowing discount to consumers on gas bills paid 
ither during the first month after the expiration of a quarter, or 
rithin a period of 21 or 30 days from the date of the delivery of tiis 
eoonnt, is becoming very general amongst gas companies. 

The most common allowance is at the rate of 10 per cent, on iha 
mount due for gas consumed (excluding the meter-rent), but the 
nmium varies throughout the country from 5 to 20 per cent., some 
ompanies adopting a graduated scale of discounts -accordmg to the 
iwurterly consumption. 

The practice, wherever adopted, has been found highly beneficial, 
sbving li&bour in collecting, and reducing the percentage of bad debts. 



FOEMS. 

Benounc^ment of Proposed New Issue on the Transfer of Old Shaarm. 

I, Jcdm Thompson, of Tipping Street, Newcastle, hereby renoune* 

ay zi^t to any of the new Shares about to be issued by the 

tauB. Company, in favour of William Jones, of Broad Street, Manchester. 

(Signed) John Thompson, 
To the Secretary Jan. 1, 18 — 

of the Gas Company. 

Renunciation of Shares newly Allotted. 

I, John Wilson, of Birmingham, being the holder [^or proprietor] aC 
Shares in the Gas Company, do hereby renounce the 



ame to and in favour of William Jackson of Bristol. And I the 
William Jackson, hereby agree to accept and take the said Shares, 
object to the conditions on which they are allotted. Dated this 
ay of , One thousand eight hundred and . 

Signed by the said 



John Wilson in the 
presence of ^ 

{Here untness signs), 

Si^ed by the said 
William Jackson in - 
the presence of j 
(Mere toitnejis signs\. 



John Wdcson* 



WHililAM JA.CK80BW 
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Declaration for L088 of Sealed Share Certificates, 

I, , of , do hereby solemnly and sincerely declare 

that I am possessed of and entitled to in the CoxH' 

pany, , and that the said are bond fide my property, 

and that they are not pledged or assigned to any person or persons 
whomsoever for money advanced thereon, or for any consideration 
whatever. And I further declare that I have made diligent search, for 

the , and can nowhere find the same. And I make this solenm 

ileclaration conscientiously believing the same to be true, and by virtae 
of the provisions of an Act made and passed in the 5th and 6th 
years of the reign of His late Majesty King William the Fourth, 
intituled " An Act to repeal an Act of the present Session of Pariia- 
Tnenfc, intituled * An Act for the more effectual abolition of Oaths and 
A£Gb*mations taken and made in various departments of the State, and 
to substitute Declarations in lieu thereof, and for the more entiie 
Buppression of voluntary and extra judicial Oaths and Affidavits, and 
to make other provisions for the abolition of unnecessary Oaths.'* 

Declared at , this day of , One thousand eight 

hundred and ^, before me. 

[The above Declaration is to be made before a Commissioner to 
administer Oaths in Chancery in England. Any person making a 
false Declaration is declared guilty of a misdemeanour.] 



Indemnity for Loss of Share Certificates or Dividend Warrant. 

Company. 



Whereas , in the company called the , numbeied 

, being the property of , the undersigned, h — by accident 

been lost or destroyed, and the said company have consented to give 

, on being indemnified for so doing. Now, in consideration of 

the said company so granting to me, the said , a — '■ , we 

the undersigned and do hereby severally and respec- 
tively undertake and agree to save harmless and keep indemnified the 
Directors for the time being of the said company of and from all 
losses, damages, and expenses which they, any or either of them, may 
sustain, incur, or be put unto, for or in consequence of their so granting 

such new ; and also from and against all claim or claims to be 

At any time hereafter made upon the said company for or in respect of 
the original by any person or persons whomsoever. 

Dated this day of , One thousand eight hundred 

and . 

Declaration of Transmission of Shares {from wife to husband) in 

consequence of Marriage. 

I, John Smith, of in the county of , do hereby 

solemnly declare that on the day of , One thousand eight 

hundred and , I was married at church, — , in the 

parish of , in the county of , to Mary Baker, of • 

Aforesaid, * , and that the accompanying document is a true 

'*' Spinster or Wido^f , aa the co.«a may be. 
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rotor extract from the marriage register of church, — 

that the said Mary Baker referred to in the above-named register 
le same person whose name now appears in the books as a snare- 

ler in the Otis Company, and that prior to the celebration 

he aforesaid marriage neither any deed of settlement or any other-- 
L or document was prepared or executed upon any trusts affecting* 
pecuniary interest or otherwise of either myself or the said 
y Baker. And I do make this solemn declaration conscientiously 
iYing the same to be true, and by virtue of the provisions of an 
made and passed in the 5th and 6th years in the reign of His late 
esty King William the Fourth, intituled " An Act to repeal an Act 
he present Session of Parliament, intituled ' An Act for the more 
)tual abolition of Oaths and Affirmations taken and made in various 
urtments of the State, and to substitute declarations in lieu there- 
VOid for the more entire suppressioA of voluntary and extra judicial- 
iis and Affidavits, and to make other provisions for the abolition of 
ecessary Oaths." 

aolared at , this •=— day of , One thousand eight hundred. 

, before me. 

Phe above Declaration is to be made before a Commissioner to- 
dnister Oaths in Chancery in England.] 



Authority to Pay Dividends. 

Company, 

18— 

Payment of Dividends. 

the undersigned, , of , being a shareholder of and 

he undertaking called the Company, do hereby request 

i all Dividends and luterest due to me on the Stock or Shares now 
stered, or that may hereafter be registered in my name may be paid 

, of , until furtiier notice, whose receipt snail be a 

ident discharge to the Company for the payment of the same. 

Signature , 

Date 



Certificate Showing that Income-Tax has been Dedticied, 

his is to certify that on paying to John Brown the sum of £45,. 
ig the amount of one year's Dividend {or, one half year's Dividend, 

he case may be) on Shares {or Stock) to December 31st, 18 , I 

acted for Income-Tax the sum of 18s. 9d. 

Pro the A B Gas Company, 



WiLiiiAJi Jones, 

Secretary. 



Form of Proxy, 



.. B., one of the proprietors of "The '— Company,'* doth 

eby appoint C. D., of — , to be the proxy Of the said A. B. 

absence to vote in his name upon any m&ttet xA^^Vci^^o^^Bfe^'**' 
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takmg imipo a cd »» the meeting of the jmapnaan of the 

pan J, to be hdd on the dar of next, in madk mawnrr as ha 

the aaid C. D. doth tiunk poper. in vimeoa vfaereof the aaid A. K 
hath heicnnto set his hand _or, if a eorp o ratiom^ say. the nommnn aeal 
<d the e o r pm atiop", the ^dajoi ^, One thoaaand ci^tt T 



TEBHS FOB LEASES, BTC. 
England and Ireland. Scotland. 



Lady Day .... March 25th. 
MidimTninfr .... June 24th. 
Mirhaelmaii .... Sept. 29th. 
Christmas .... Dec. 25th. 



Candlemas .... Feb. 2nd. 
Whitsonday .... May IStii. 

T<amma« Axignstlsfc. 

Mardnmas .... Nov. llth. 



When a Scottish term ialls on Sunday the Monday following is 

considezed tezm day. 



LAW TERMS. 
England and Ireland^ 



Hilary or Lent. . . . Begins, Jan. llth . . . Bnds, Jan. SlsL 

Easter. „ April 16th . . . „ May 8th. 

Trinity „ May 22nd ...» Jnnel2(jtu 

Michaelmas „ Not. 2nd . . . „ Nov Sfitik 



Scotland. 

Candlemas Begins, Jan 15th . . . Ends Feb. 3rd. 

Whitsimday .... „ May 12th . . . „ Jnne 2nd. 

Tiammas „ June 17th . . . „ Jnly 5th. 

Martinmas „ Nov. 24th . . . „ JDec. 20th. 



STRUCTUBAL AND COMMERCIAL VALUE. 

The term " Stractnral Value '* has reference to the amount of capital 
•expended upon works in their construction. 

** Commercial Value " is the value of the net annual average profits, 
jTeckoned on a number of years, which a firm or compMiy can xnake ^ 
' tbe Bse of their works. 
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SIZES OF DRAWING PAPER. 



Antiquarian . . 

J, extra 

Doable elephant . 

Atlas 2 10 

Columbia. ... 2 10 



Ft. In. 

4 4 

4 8 

3 4 



Ft. In. 
X 2 7 
3 4 
2 3 
2 2 
1 11 



Elephant. . . . 2 32 x 1 lOi 



Double Crown 
Imperial . 
Super royal 
Royal . . 
Medium . 
Demy . . 



Ft. In. 
3 6 



Ft. In. 



2 
2 
2 
1 
1 



6 
3 

10 
8 



1 
1 
1 
1 
1 
1 



8 
10 
7 
7 
5 

a 



TABLE OF COLOURS 



Used in Mechanical ami Architectu/ral Drawing. 

Work. Colour. 

Briokwork in plan or section . . Carmine or orimson lake. 

Briokwork in elevation .... Venetian red or orimson lake mixed 

with burnt sienna. 
Briokwork to be removed by al- 
terations Burnt umber. 

Concrete works Sepia with darker markings. 

Clay Burnt umber. 

Baiih Burnt lunber. 

FUntwork Prussian blue. 

Granite Purple madder or pale Indian ink.. 

Stone generally Yellow oohre or pale sepia. 

Slate Indigo and lake or Prussian blue. 

£;ii^^ish timber (oak excepted). . Raw sienna. 

Oak . Burnt sienna or Vandyke brown. 

Fir and other light timber . . . Indian yellow or raw sienna. 

Mahogany Indian red. 

Cast-iron Payne's grey or neutral tint. 

Wrought-iron Prussian blue. 

Steel, bright . % Indigo with a little lake. 

Brass Gamboge or Roman ochre. 

Gun metal Dark cadmium. 

Lead ........... Pale Indian ink, tinged with Indigo. 

Meadow land Hooker's green. 

Sky effects Cobalt blue. 

The presence of any slight greasiness, preventing the la^in^ on of 
the colours evenly, may be counteracted m its effects by dissolving a 
little prepared ox-gall in the water with which the colours are mixed. 
The brush should always be used in mixing colours, the latter beings 
rubbed in separate divisions of the slab. 
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EPITOME OF MENSURATION. 
Of the Circle^ Cylinder, and Sphere, 

The areas of circles are to each other as the squares oi their dia- 
meters. 

The diameter of a circle heing 1, its circumference equals 3*1416. 

The diameter of a circle is equal to '31831 of its circumference. 

The square of the diameter of a circle being 1, its area equals '7854. 

The internal circumference of a cylinder multiplied by its length or 
he^ht equals its concave surface. 

Tne area of the end of a cylinder multiplied by its length equals its 
solid contents. 

The area of the internal diameter of a cylinder multiplied by its 
depth equals its cubical capacity. 

The square of the diameter of a sphere multiplied by 3*1416 equals 
its convex surface. 

The cube of the diameter of a sphere multiplied by '5236 equals its 
solid contents. 

The capacity of a cylinder 1 foot in diameter and 1 foot in length 
equals 4*895 imperial gallons. 

The capacity of a cylinder 1 inch in diameter and 1 foot in lengUi 
equals '034 of an imperial gallon. 

The capacity of a cylinder 1 inch in diameter and 1 inch in lengtii 
equals 002832 of an imperial gallon. Hence^— 

The capacity of any other cylinder in imperial gallons is obtained 
by multiplying the square of its diameter by its length, and by ii» 
number of imperial gallons contained in the unity, of its measurement. 

The capacity of a sphere 1 foot in diameter equals 3'263 imperial 
gallons. 

The capacity of a sphere 1 inch in diameter equals '001888 of an im- 
perial gallon. Hence — 

The capacity of any other sphere in imperial gallons is obtained by 
multiplying the cube of its diameter by the number of imperial gal- 
lons contained in the unity of its measurement. 



Of the Square^ Bectangle, and Cube, 

The side of a square equals the square root of its area. 

The area of a square equals the square of one of its sides. 

The diagonal of a square equals tiie square root of twice the square 
of its side. 

The side of a square is equal to the square root of half the square of 
its diagonal. 

The side of a square equal to the diagonal of a given square contains 
double the area of the given square. 

The area of a rectangle equals its length multiplied by its breadth. 

The length of a rectangle equals the area divided by the breadth ; or 
the breadm equals the area divided by the length. 

The side or end of a rectans^le equals the square root of the sum of 
the diagonal and opposite side to that required, multiplied by their 
differenoe. 
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The diagonal in a rectangle equals the square root of the sum of tlie 
squares of the base and perpendicular. 

The solidity of a cube equals the area of one of its sides multiplied 
by the length or breadth of one of its sides. 

The length or breadth of a side of a cube equals the cube root of itii 
solidity. 

The capacity of a 12-inch cube equals 6*232 imperial gallons. 

Of Triangles and Polygons. 

The sum of the squares of the two given sides of a right-angled tri- 
ai^le is equal to the square of the hypotenuse. 

The difference between the squares of the hypotenuse and given side 
of a right-angled triangle is equal to the square of the required side. 

The area of a triangle equals half the product of the base multiplied 
by the perpendicular height. 

The side of any regular polygon multiplied by its apothegm, or per- 
pendicular, and by the number of its sides, equals twice the area. 

Of JEllipseSf ConeSf and Frustums. 

The square root of half the sum of the squares of the two diameters 
of an ellipse, multiplied by 3*1416, equals its circumference. 

The product of the two axes of an ellipse, midtiplied by *7854, equals 
its area. 

The solidity of a cone equals one- third of the product of its " base 
multiplied by its altitude, or height. 

The squares of the diameters of the two ends of the frustum of a 
cone added to the product of the two diameters, and that sum multi- 
plied by its height and by '2618, equals its soUdity. 



ARITHMETICAL AND ALGEBRAICAL SIGNS. 

= The sign of Equality, and signifies equal to, as 2 added to 3 = 6. 
-|- „ Addition „ pluSf or more, as 4 -f- 6 = 10. 

Subtraction „ minus^ or less, as 6 — 4 = 2. 

Multiplication „ multiplied by, as 5 x 3 = 15. 

Division „ divided by, a,B 8 -f- 4 = 2, 

or| = 2. 
4 

Proportion, : signifies is to, : : signifies so is. Thus, 

2 : 3 : : 4 : 6 signifies that as 2 is to 3 so is 4 to 6. 






j» 



Evolution^ or the Extraction of Boots, 

V The sign of the Square Root (termed the Radical sign), as 
^16 = 4, i.e., the square root of 16 is equal to 4. 

■V „ Cube Root, as V 64 = 4, i.e., the cube root of 

64 is equal to 4. 

V^ n Bi-quadrate, or fourth Root, as Vlft == *I. 
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Involutioriy or the raising of Powers, 

4? signifieB to be squared, as 4^ = 16. The small figure is termed the 

Index or Exponent. 
4* „ to be cubed, as 4» = 64. 



A vinculum placed over two or more figures, thus 3 -{• 6, signifies 
that they are to be taken as one quantity. Thus : 



8 -}- 5 X 4 = 32, signifies that 3 plus 5 multiplied by 4 =: 82, and 

VS^ — 3^ = 4, signifies that 6 squared, minus 8 squared, and the 
square root of the remainder = 4, and 

^ — q77 — = 2, signifies that 20 multiplied by 12, divided by 90»^and 
^ the cube root of the quotient = 2, and 



-'-^o '=*60 signifies that 24 multiplied by 6, and 12 mill' 

tiplied by 8, added together, muHipliddby 
4 and divided by 12, the quotient = 60. 

[ ] Brackets ; e.g.^ 12 — [3 + (4 x 2)] = 1, signifies that the pgroduot 

of 4, multiplied by 2, added to 3, and the total subtracted from 
12, leaves 1. 
. • . is used to signify the word therefore. 

* . * is used to signify Hie word becatiscy or since, 

? is used in the Chain Bule to signify how many. 
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CALCULATIONS. 

■Square inches X '007 = square feet. 

Square feet X '111 = square yards. 

Square yards x '0002067 == statute acres. 

Statute acres x 4840 = square yards. 
. Square links x '4356 = square feet. 

Square feet x 2'3 = square links. 

Square feet X 183'346 = circular inches. 

Circular inches x '00456 =: square feet. 

Links X '22 = yards. 

Links X '66 = feet. 

Feet X 15 = links. 

Cubic inches x '00058 = cubic feet. 

Cubic inches x '0163 = French litres. 

Cubic feet X '037 = cubic yards. 

Cubic feet x 2200 = cylindrical inches. 

Cylindrical inches X '0004646 = cubic yards. 

Cylindrical feet x '02909 = cubic yards. 

Cubic feet X 6*232 = imperial gallons. 

Imperial gallons x 1604 = cubic feet. 

Cubic inches x '003607 = imperial gallons. 

Imperial gallons x 277'3 = cubic inches. 
Imperial gallons x 4'643 = French litres. 
Cubio feet x '779 = bushels. 
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Cubic inches x '00045 = bushels. 
Bushels X '0476 = cubic yards. 
Bushels X 1*284 » eulMO feet. 

Bushels X 2218-2 = cubic inches. ' 

liineal feet x '00019 = statute miles. 
Lineal yards x '0006 = statute miles, 
Staittte miles x '869 » mean geographical miles. 
Mean geographical miles x 1*161 = statute miles. 
Pounds avoirdupois x 7000 = grains. 
Grains x '0001429 =» pounds avoirdupois. 
Pounds avoirdupois x '009 «■ cwts. 
Pounds avoirdupois x '00045 = tons. 
Tons x 2240 « pounds avoirdupois. 
Tons X 1*016 = tonnes, French. 
French tonnes X '984 = English tons. 
Pounds on square inch x 144 = pounds on square foot. 
Pounds on square foot x *007 » pounds on square inch. 
Miles per hour x 1*467 » feet per second. 
Feet per second x '682 = miles per hour. 
Frepch metres X 3*281 = English feet. 
French litres X '2201 — imperial gallons. 
French hectolitres x 2*7512 » English bushels. 
French grammes x '002205 = pounds avoirdupois. 
French kilogrammes x 2*205 = pounds avoirdupois. 
Diameter of circle x 8*1416 = circumference. 
Circumference of circle x '31881 =* diameter. 
Diameter of circle x '8862 = side of equal square. 
Circumference of circle x '2821 » side of equal square. 
Diameter of circle x *7071 = side of inscribed square. 
Circumference of circle x '2251 = side of inscribed square. 
Area of circle x *6366 =» side of inscribed square. 
Side of square X 1*128 = diameter of equal circle. 
Side of square X 3'545 = circumference of equal circle. 
Side of square x 1*414 » diameter of circumscribing circle. 
Side of square x 4*443 = circumference of circumscribing circle. 
Square of diameter x '7854 » area of circle. 
Square root of area x 1*12837 = diameter of equal circle. 
Square of diameter of sphere x 3*1416 = convex surface. 
Cube of diameter of sphere x *5236 = solidity. 
Diameter of sphere x '806 = dimensions of equal cube. 
Diameter of sphere x '6667 = length of equal cylinder. 
One atmosphere = 14*7 pounds on square inch. 
„ = 2116 pounds on square, foot. 

. „ . = 29*922 inches of mercury. 

„ = 33*9 feet of water. 

Each 1000 cubic feet of coal gas in a holder x 40 == (approximate) 

weight of gas in pounds. 
The atomic weight of an elementary gas x '0691 = its specific 

gravity.* 
TTwtlf the atomic weight of a compound gas or vapour x '0691 = its 

specific gravity. 



* Exceptions to this rule occur in the case of the vapours of phosphorus and 
arsenic, whose atomic weights must be doubled, and in those of mercury, zinc, 
nnd cadmium, the atomic weights of which must be h&Wed. 
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EXPLANATOKY BEMARKS ON THE TABLE OF SQUABBS, 
CUBES, SQUARE ROOTS, CUBE ROOTS, AND BEGIPBOGALS 
OF NUMBERS. 

The first power of a nnmber is the number itsdf befoie being multi- 
plied ; thus, 3. 

The square, or second power, of a nuinber is the number multiplied 
by itself; thus, 4 x 4 = 16, the square of 4. 

The cube, or third power, of a number is the number miultiplied by 
itself, and tiie product again multiplied by it ; thus, 6 X 6 X 6 « 125, 
the cube of 5. 

The square root is that number which, on being multijplied by itMU, 
produces the given number thus, 8 is the square root oi nine, beoauBe 
3x3 = 9. 

The cube root is that number which, on being multiplied by itself, 
and the product again multiplied by it, produces the given number; 
thus, 4 is the cube root of 64, because 4 x 4 x 4 = 64. 

The reciprocal of a nimiber is the quotient obtained bydividing 1 by 
that number; thus, 1 -?- 4 =» •26, the reciprocal of 4. The resiut ob- 
tained by using any number as a ^visor, or its reciprocal as a multiplier, 
is the same ; thus, 12 -?- 4 === 3, or 12 x '26 ('26, the reciprocal of ^ s= 3. 

It will be seen that whilst the numbers in the second and third 
columns are the squares and cubes of those in the first, the numboTB in 
the first are the square roots and cube roots of those in the second and 
third columns. The numbers in the first column are iJso the squares 
of the fourth, and the cubes of the fifth columns. 

The table may be further utilized as follows to any extent required ; 
take, for intance, the number 16— 



Numbers. 


Squares. 


Cubes. 


Beoiprocals. 


•la .. 


•0266 .. 


•004096 


.. 6*26 


1-6 • .. 


2-66 


4096 


.. -625 


16 


256 


4096 


'0625 



160 .. 26600 .. 4096000 .. -00625 

Thus, when the decimal point is removed one place either to tiie 
right or left in the numbers of the first column, it must be removed 
two places in the numbers of the second column, and three places in 
those of the third column in the same direction, whilst in the reoiprooAl 
the point is removed one place in the opposite direction. 
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Numbers. 


8quare«* 


Cubes. 


Sqtiare Roots. Cube Roots 


Reciprocals. 


<0 


S800 


210000 


7*7459667 ] 


1-9148676 


•Me6666Gf 


61 


8721 


226081 


7-8192497 3 '9804972 


•016893443 


62 


8844 


238328 


7-8740079 8-9578915 


* 016129032 


69 


8969 


250047 


7-9872589 3-9790571 


'015873016 


64 


4096 


2621<44 


80000000 i. 


1-0000000 


•01568B0W 


6a 


4235 


274625 


8*0622577 ' 


1- 0207256 


015384616 


66 


4856 


287496 


8*1240884 i 


1-04I24C1 


•015151515 


67 


4489 


800768 


8-1858628 i 


1*0615480 


-014925378 


68 


4624 


814482 


8*2462113 ' 


(-0816551 


•014705882 


69 


4761 


328609 


8*S06628» ' 


( 1015661 


*0] 4492764 


70 


4900 


848000 


8-8666003 i 


1*1212853 


* 014285714 


71 


5041 


857911 


8-4261498 A 


1*1408178 


*014084517 


73 


5184 


873248 


8*4852814 i 


1-1601676 


*013888889 


11 


5829 


889017 


8*5440087 A 


11793390 


•013698660 


5476 


405224 


8 '6028253 4 


I 1988364 


*0135135U 


76 


5625 


421875 


8*6602540 4 


1-2171638 


'013S33388 


76 


5776 


488976 


8-7177979 i 


1*2358236 


•013157806 


77 


5929 


456588 


8-7749644 A 


1-2548210 


•012987018 


78 


6084 


474552 


8-8817609 4 


1-2726586 


*012820518 


79 


6241 


493089 


8-8881944 i 


L-2908404 


-012658228 


80 


6400 


512000 


8-9442719 A 


1-8088695 


•012500000 


81 


6561 


581441 


9-0000000 i 


1-8267487 


•012345679 


82 


6724 


651868 


9-0558851 i 


1-8444815 


•0121951S2 


88 


6889 


571787 


9-1104336 i 


1*3620707 


•012048198 


84 


7^56 


592704 


»* 1651514 4 


k 3795191 


•011904761 


85 


7225 


614125 


9-2195445 4 


1-3968296 


•011764706 


86 


7896 


686056 


9*2786185 4 


^4140049 


•011627907 


87 


7569 


658503 


98273791 4 


i -4810476 


•011494268 


88 


7744 


681472 


9-3808815 4 


1*4470692 


•011863686 


89 


7921 


704969 


9-4889811 4 


1*4647451 


*01123596I 


90 


8100 


729000 


9-4868380 4 


1-4814047 


•OllllllU 


91 


8281 


758571 


9*5393920 4 


1-4979414 


'010989011 


92 


8464 


778688 


9*5916680 4 


1-5143574 


'010869566 


98 


8649 


804857 


9-6436508 4 


1-5806549 


-010752688 


94 


8886 


886584 


9-6953597 4 


1*5468859 


•010638298 


95 


9025 


857875 


9*7467943 4 


1*5629026 


•010526316 


96 


9216 


884786 


9*7979590 ^ 


1-6788570 


•^10416667 


97 


9409 


912678 


9-8488578 4 


1*5947009 


•010309278 


98 


9604 


941192 


9-8994949 4 


1-6104863 


•010204082 


99 


0801 


970299 


9*9498744 4 


I 6260650 


-010101010 


100 


10600 


1000000 


10*0000000 4 


1*6415888 


*010000000 


101 


10201 


1080801 


10*0498756 4 


k 6570095 


*009900990 


102 


10404 


1061208 


10-0995049 4 


i* 6723287 


•009803922 


108 


10609 


1092727 


10-1488916 4 


1-6875482 


-009708788 


104 


10816 


1124864. 


10-1980300 4 


k 7026694 


•009615386 


105 


11025 


1157625 


10*2469508 4 


1*7176940 


•009523810 


106 


11236 


llOlOlfr 


10*2956301 4 


k 7826235 


•009433962 


107 


11449 


1225043 


10-3440804 4 


1*7474594 


•009845794 


108 


11664 


1259712 


10-3923048 4 


1*7622032 


-009259269 


109 


11881 


1295029 


10-4408065 4 


I 7768562 


009174312 


110 


IfllOO 


1831000 


10-4880885 4 


I 7914199 


•009090909 


111 


12821 


1867681 


10'5856538 4 


1-8058995 


•009009009 


112 


12544 


1404928 


10-5830052 i 


1-8202845 


-008928571 


118 


12769 


1442887 


10-6301458 4 


1-8845881 


•008849558 


114 


12996 


1481544 


10^6770783 i 


1-8488076 


-008771980 


115 


18225 


1520875 


10" 7288053 4 


1-8629442 


•008695652 


116 


18456 


1560896 


10-7708206 4 


1*8769990 


-008620690 


117 


18689 


1601618 


10-8166538 4 


1-8909733 


-008547009 


118 


18924 


1643082 


10-8627805 4 


1-9048681 


*008474576 


119 


14161 


1685159 


10*0087121 4 


1-9186847 


•008403891 


120 


14400 


1728000 


10*9544512 4 


1-9824242 


•0O83S63S8 


121 


14641 


1771561 


110000000 4 


1-9460874 


•0O8264468 


!22 


14884 


1815848 


11-0453610 4 


1-95^6757 


•008196721 


ISS 


U129 


1860667 


irO005865« 4 


1-9781898 


'0081300B1 
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nWr 


». Squares 


1S4 


15376 


las 


15625 


IM 


15876 


117 


16129 


IM 


16384 


ISO 


16641 


180 


16900 


ISl 


17161 


188 


17424 


188 


17689 


184 


17956 


185 


18225 


186 


18496 


187 


18769 


188 


19044 


189 


19321 


140 


19600 


141 


19881 


143 


20164 


143 


20449 


144 


20736 


148 


21025 


146 


21316 


147 


21609 


148 


21904 


149 


22201 


150 


22500 


161 


22801 


152 


23104 


168 


23409 


164 


23716 


166 


24025 


166 


24336 


167 


24649 


168 


24964 


169 


25281 


160 


25600 


161 


25921 


163 


26244 


168 


36569 


164 


26896 


166 


27225 


166 


27556 


167 


27889 


168 


28224 


169 


28561 


170 


28900 


171 


29241 


173 


29584 


178 


29929 


174 


30276 


176 


30625 


176 


30976 


177 


81329 


178 


31684 


170 


82041 


180 


32400 


181 


32761 


182 


33124 


188 


33489 


184 


33856 


185 


34225 


186 


84596 


187 


84969 



OnbM. 

1906624 
1958125 
3000376 
8048383 
3097152 
3146689 
2197000 
3248091 
3299968 
2852637 
3406104 
3460375 
3515456 
3571353 
3638072 
8685619 
2744000 
2803221 
3863288 
2924207 
3985984 
8048625 
8112136 
3176523 
3241792 
3307919 
3375000 
3442951 
3511808 
3581577 
3652264 
3728875 
8796416 
8860893 
8944312 
4U19679 
4096000 
4173281 
425152S 
4330747 
4410944 
4492125 
4574296 
4657463 
4741632 
4826809 
4913000 
5000211 
5088448 
5177717 
5268024 
5359375 
5451776 
5545233 
5639752 
5736339 
6832000 
5929741 
6028568 
6128487 
6226504 
6331625 
6434856 
•538203 



Square Keots. Cube RooU. 



U* 1355287 
1*1803399 
1*2249722 
1-2694277 
1*8187085 
1*8578167 

1 4017548 
1*4455231 
1*4891253 
1*5825626 
1*5758369 
1*6189500 
1*6619038 
1*7046999 

U -7473444 
1-7896261 
1*8321596 
1*8743421 
1-9163753 
1*9582607 
3-0000000 

2 0415946 
2 0830460 
2*1243557 
2-1655251 

12-2065556 
2*2474487 
2*2882057 
2-8288280 
2-3693169 
2*4096736 
2*4498996 
2-4899960 
2*5299641 
3*5696051 
2-6095202 
2*6491106 
2-6885775 
2*7279221 
2-7671453 
2*8062485 
2 8452326 
2-8840987 
2-9228180 
2-9614814 
8*0000000 
8*9384048 
8 0766968 
8*1148770 
8-1529464 
.8-1909060 
8-2287566 
8*2664992 
3 '3041347 
8*8416641 
3*3790882 
3*4164079 
3-4536240 
3-4907376 
3-5277493 
8-5646600 
3-6014705 
8-6381817 
8*6747943 



4-0866310 
6-0000000 
5-0132979 
6*0265257 
8-0896842 
6*0527748 
6 0657970 
50787531 
6*0916434 
6*1044687 
6*1172299 
6-1299278 
5*1425633 
6*1551367 
6 1676493 
6*1801015 
5*1924941 
5*2048279 
5*2171034 
5*2293215 
5-3414828 
5*3535879 
5*3656374 
5*2776321 
5*2895725 
5*3014592 
5-3132928 
5*3250740 
5*3868033 
6-3484812 
5*3601084 
5*3716854 
5-3832126 
5*3946907 
5*4061202 
5*4175015 
6*4288352 
5*4401218 
5*4513618 
5*4625556 
5-4737037 
5*4848066 
5*4ft58fi47 
6-5068784 
5*5178484 
5*5287748 
6-5396583 
5*5504991 
5*5612978 
5*5720546 
5*5827702 
5-5934447 
5 6040787 
5*6146724 
5-6252263 
5*6357408 
5-6462162 
5-6566528 
5-6670511 
5*6774114 
5*6877340 
5*6980102 
6-7082675 
6-7184791 



Beclfnveak 

*008064616 
'008000000 
•007936508 
-007874016 
'007813500 
-007751988 
•007693808 
'007638588 

007576758 
-007518797 
'007462687 
•007407407 
-007358941 
* 007299270 
*007246877 
-007194245 
•007142857 

007092199 
•007042354 
-006998007 
'006944444 
'006896553 

006849315 
'006802721 
'006756757 
'006711409 
'006666667 
'000622517 
'006578917 
-006535948 
'006493506 
'006451613 
'006410256 
'006369427 

006339114 
'006289308 
'006250000 
'006211180 

006172840 
•006134969 

006097561 
*006060606 

006034096 
* 005988024 
-005952381 
-005917160 
'005888353 
-005847953 
'005818958 
-005780347 
-005747126 

005714286 
-005681818 
-005649718 
-005617978 

005586592 
* 005555556 
* 005524862 
'005494505 
-005464481 
-005484783 
'005405405 
'005376844 
'005347594 
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Nvmben. 


Square*. 


Oab«s. 


Square Roots. 


Cube RootB. 


Reeiproeali. 


188 


35344 


6644672 


18-7113092 


5-7286543 


'005319149 


189 


35721 


6751269 


13-7477271 


6-7387936 


005291006 


190 


36100 


6859000 


13*7840488 


5*7488971 


'00526S158 


191 


36481 


6967871 


18-8202750 


5-7589652 


•005236602 


192 


- 36864 


7077888 


l3-f%4065 


5*7689982 


•005208833 


193 


37249 


7189057 


13-8924100 


6-7789966 


* 005181347 


194 


37636 


7801384 


. 13*9283883 


5-7889604 


•005154639 


195 


38025 


7414875 


13*9642400 


6*7988900 


•005188205 


196 


88416 


7529536 


14-0000000 


5-8087857 


•005102041 


197 


38809 


7645373 


14*0356688 


5*8186479 


•005076142 


198 


39204 


7762392 


14-0712473 


. 5*8284867 


•005060605 


199 


89601 


7880599 


14*1067360 


5 8382725 


•005035126 


200 


40000 


8000000 


14*1421356 


5-8480355 


•005000000 


201 


40401 


8120G01 


14-1774469 


6-8577660 


•004976124 


202 


40804 


8242408 


14 2126704 


5*8674673 


•004950495 


203 


41209 


8365427 


14-2478068 


6*8771307 


•004996108 


204 


' 41616 


8489664 


14*2828569 


6-8867653 


•004901961 


205 


42025 


8615125 


14*8178211 


5-8963685 


•004878049 


206 


42136 


8741816 


14*3527001 


5-9059406 


•004854869 


207 


42849 


8869743 


14*3874946 


6-9154817 


•004830818 


208 


43264 


8998912 


14-4222051 


5*9249921 


•004807692 


209 


43681 


9129329 


14*4568323 


5*9344721 


•004784689 


210 


44100 


9261000 


14*4913767 


5 9439220 


•004761905 


211 


44521 


9393931 


14*5258390 


5 9533418 


•004789336 


212 


44944 


9528128 


14 5602198 


6*9627320 


•004716981 


213 


• 45369 


9663597 


14*5945195 


5*9720926 


•004694836 


214 


45796 


9800344 


14-6287388 


5*9814240 


•004672897 


215 


46225 


9938375 


14 6628783 


5 9907264 


00465116S 


216 


46656 


10077696 


14*6969385 


6 0000000 


004629630 


217 


47089 


10218313 


14*7309199 


6 0092450 


* 004608295 


218 


47524 


10360232 


14*7648231 


60184617 


004587156 


219 


47961 


10503459 


11*7986486 


6 0276502 


•004566210 


220 


48400 


10648000 


14*8323970 


6-0368107 


•004646455 


221 


48841 


10793861 


14-8660687 


6 0459135 


* 004524887 


222 


49284 


10941048 


14 8996644 


6*0550489 


* 004504605 


223 


49729 


11089567 


14-9331845 


60611270 


004484305 


224 


50176 


11*239424 


14-9666295 


6*0731779 


* 004464286 


225 


50625 


11390625 


15-0000000 


6 0824020 


•004444444 


226 


51076 


11543176 


15*0332964 


•s 0D91994 


•004424779 


227 


51529 


11697083 


15-0665192 


6-1001702 


•004405286 


228 


51984 


11852352 


15*0996689 


6-1091147 


•004385865 


229 


52441 


12008989 


15*1327460 


6-1180332 


•004366812 


280 


52900 


12167000 


15-1657509 


6- 1269257 


•004347826 


231 


53361 


12326391 


15-1986842 


6*1357924 


•004329004 


232 


53824 


12487168 


15-2315462 


6*1446337 


-004310S45 


233 


54289 


12649337 


15-2643375 


6*1534195 


•004291845 


234 


54756 


12812904 


15*2970585 


6-1622401 


•004278604 


. 235 


55225 


12977875 


15-3297097 


6 17 10058 


004255819 


236 


55696 


13144256 


15*3622915 


6 -1797466 


•004287288 


237 


56169 


13312053 


15-3948043 


6-1881628 


•004219409 


238 


56644 


13481272 


15*4272486 


6' 1971544 


•004201681 


239 


67121 


13651919 


15*4596248 


6-2058218 


•6O4184100 


240 


57600 


13824000 


15-4919334 


6-2144650 


•004166667 


241 


58081 


13997521 


15-5241747 


6*2230843 


•004149878 


242 


58564 


14172188 


15*5563492 


6-2316797 


•004182281 


243 


59049 


14348907 


16*5884573 


6*2402515 


•004115226 


244 


59536 


14526784 


16*6204994 


6-2487998 


•004096861 


245 


60025 


14706125 


15-6524758 


6*2573248 


'00406168t 


246 


60516 


14886936 


15*6843871 


6*2658266 


•004065041 


247 


61009 


15069223 


15*7162336 


6*2743054 


•004048583 


248 


61504 


15252992 


15*7480157 


6-2827613 


'001032258 


249 


62001 


15438249 


14*7797338 


6-2911946 


'004016064 


J250 


62500 


15625000 


15*8113883 


6*2996053 


'004000000 


251 


6S001 


15813251 


15*8429795 


6 '3079935 


'003984064 
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K'amben. 


8goan«. 


Cii])es. SquAT* Soots. 


CabeKoota. 


BfOnprooslr 


252 


63504 


16008004 15*8745079 


6-3163596 


-003068264 


2AS 


64009 


16194279 ] 


15*9059737 


6*8247035 


-003952569 


264 


64516 


16887064 ] 


15-9373775 


6*8330256 


-003937008 


255 


65025 


16561375 1 


15-9687194 


6*3413257 


-003921569 


256 


65586 


16777216 1 


16-0000000 


6*3496042 


-008906250 


257 


66049 


16974598 ] 


160312195 


6*3578611 


-003891051 


258 


66564 


17173512 ] 


16 0623784 


6-3660968 


-003875069 


259 


67081 


17873979 ] 


L6 0934769 


6-3743111 


-003861004 


260 


67600 


17576000 ] 


L6* 1245155 


6-3825048 


•003846164 


261 


68121 


17779581 ] 


16*1554944 


6*3906765 


-003881418 


262 


68644 


17964728 1 


16-1864141 


6-8988279 


-003816794 


268 


69169 


18191447 ] 


16*2172747 


6-4069585 


-003802281 


264 


69696 


18399744 ] 


16-2480768 


6*4150687 


•003787879 


266 


70225 


18609625 ] 


16*2788206 


6-4231583 


•003778585 


268 


70756 


18821096 1 


16-3095064 


6-4312276 


* 003759398 


267 


71289 


19034163 ] 


16 3401346 


6-4392767 


•003745818 


268 


71824 


19248332 ] 


16-3707055 


6-4473057 


* 003731343 


209 


72361 


19465109 ] 


L6- 4012195 


6-4553148 


•003717472 


270 


72900 


19683000 ] 


16-4316767 


6-4633041 


-003708704 


271 


73441 


19902511 


16*4620776 


6-4712736 


-003690037 


272 


73984 


20123648 


16*4924225 


6 4792236 


-003676471 


278 


74529 


20346417 


L6- 5227 116 


6-4871541 


•003663004 


274 


75076 


20570824 


16-5529454 


6*4950653 


•003649636 


275 


75625 


20796875 


16*5831240 


6-5029572 


'003636364 


276 


76176 


21024576 


16-6132477 


6*5108300 


-003628188 


277 


76729 


21253933 


16-6433170 


6*5186830 


-003610108 


278 


77284 


21484952 


L6 6783320 


6 5265189 


-003597122 


279 


77841 


21717639 


16-7032931 


6-5343351 


-003584229 


280 


78400 


21952000 


16-7382005 


6-5421326 


•003571429 


281 


78961 


22168041 


16 "7630546 


6-5499116 


•003568719 


282 


79524 


22425768 


16*7928556 


6-3576722 


-003546099 


288 


80089 


22665187 


16-8226038 


6-5654144 


•003533569 


284 


80656 


22906304 


L6* 8522995 


6-5731385 


-003622127 


286 


81225 


23U9125 


16-8819430 


6-5808443 


-003508772 


286 


81796 


23393656 


16-9115345 


6*5885323 


-003496508 


287 


82369 


23639903 


16-9410743 


6-5962023 


•003484321 


288 


82944 


23887872 


16*9705627 


6*6038545 


•003472222 


289 


83521 


24137669 


17-0000000 


6-6114890 


•003460208 


290 


84100 


24389000 


17-0293864 


6-6191060 


•003448276 


291 


84681 


24642171 


17-0587221 


6-6267054 


•003436426 


292 


85264 


24897088 


17-0880075 


6*6342874 


•003424668 


298 


85849 


25153757 


17-1172428 


6-6418522 


•003412969 


294 


86436 


25412184 


L7- 1464282 


6*6493998 


-003401361 


995 


87025 


25672375 


17-1755640 


6 6569302 


•003389631 


296 


87616 


25934336 ' 


17*2046505 


6-6644437 


•003378878 


297 


88209 


26198073 ] 
26463592 ] 


L7 -2836879 


6*6719403 


•003367003 


296 


88804 


L7- 2626765 


6*6794200 


-003355705 


299 


89401 


26730899 ] 


L7- 2916165 


6-6868831 


•003344482 


800 


90000 


27000000 ] 


L7 -3205081 


6-6943295 


•003383838 


801 


90601 


27270901 : 


L7- 8493516 


6*7017593 


•003322259 


802 


01204 


27543608 ] 


17*8781472 


6-7091729 


'003311258 


808 


91809 


27818127 ] 


17*4068952 


6-7165700 


•003301380 


804 


92416 


28094464 1 


17-4355958 


6-7239608 


-003289474 


805 


93025 


28372625 1 


17*4642492 


6*7313155 


•003278689 


806 


93636 


28652616 ] 


17-4928557 


6-7386641 


•008267974 


807 


94249 


28934443 1 


L7 -6214155 


6*7469967 


•003257829 


808 


■94864 


29218112 1 


17-5499288 


6-7633134 


•003246758 


809 


05481 


29503629 1 


17-5783958 


6-7606143 


•003236246 


810 


96100 


29791000 1 


17*6068169 


6-7678995 


•003226806 


811 


96721 


80080231 ] 


17*6351921 


6-7761690 


•003216484 


812 


97344 


80371328 ] 


L7-6635217 


6 7824229 


•003206128 


818 


97969 


30664297 1 


17*6918060 


6*7896613 


•003194888 


314 


98596 


80959144 1 


17*7200451 


6*7968844 


•003184713 


815 


99225 


81255875 1 


17-7482393 


6*8040921 


•008174808 



04j( 
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imben. 


Squares. 


Oabea. 


Sqoare Roots. 


CnbeKoots. 


816 


9£856 


81564496 


17-7763888 


6*8112847 


817 


100489 


81855018 


17*8044938 


6-8184620 


318 


101124 


82167432 


17*8325545 


6*8256242 


319 


101761 


82461759 


17-8605711 


8-8327714 


320 


102400 


32768000 


17-8885438 


6*8399087 


321 


103041 


33076161 


17-9164729 


6*8470213 


822 


103684 


33366248 


17 '9448584 


6*8541240 


828 


104329 


83698267 


17-9722008 


6-8612120 


824 


104976 


84012224 


18 0000000 


6 8682855 


825 


105625 


84328125 


18-0277564 


6*8753433 


326 


10627H 


84645976 


18-0554701 


6*8823888 


327 


106929 


84965788 


18 0831413 


6-8894188 


828 


107584 


85287552 


18-1107703 


6*8964345 


829 


108241 


356L1289 


18-1383571 


6-9034359 


880 


108900 


85987000 


18- 1659021 


6*9104232 


831 


109561 


86264691 


18 1934054 


6*9173964 


832 


110224 


86594368 


18-2208672 


. 6*9243556 


333 


110889 


36926037 


18-2482876 


6-9313088 


334 


111556 


37259704 


18 2756669 


6*9382321 


835 


112225 


37595375 


18*8030052 


6*9451496 


386 


112896 


37933056 


18-3303028 


6-9520533 


837 


113569 


38272753 


18-8575598 


6*9589434 


338 


114244 


88614472 


18-8847763 


6-9658198 


339 


114921 


38958219 


18-4119526 


6-9726826 


840 


115600 


39304000 


18-4890889 


6-9795321 


841 


116281 


39651821 


18-4661853 


6-9863681 


342 


116964 


40001688 


18*4932420 


6-9931906 


843 


117649 


40353607 


18*5202592 


7-0000000 


844 


118336 


40707584 


18-5472370 


7 0067962 


345 


119025 


41063625 


18*5741756 


7-0135791 


346 


119716 


41421736 


18-6010752 


7-0203490 


347 


120409 


41781928 


18-6279360 


7-0271058 


348 


121104 


42144192 


18-6547581 


7*0338497 


349 


121801 


42508549 


18-6815417 


7-0405860 


350 


122500 


42875000 


18-7082869 


7-0472987 


851 


123201 


48243551 


18-7349940 


7-0640041 


352 


123904 


48614208 


18-7616630 


7 0606967 


853 


124609 


43986977 


18-7882942 


7-0678767 


854 


125316 


44861864 


18*8148877 


7-0740440 


855 


126025 


44738875 


18-8414437 


7-0606988 


856 


126736 


45118016 


18-8679623 


7-0873411 


857 


127449 


45499293 


18-8944436 


7 0039709 


868 


128164 


45882712 


18-9208879 


7*1005885 


859 


128881 


46268279 


18*9472953 


7-1071937 


860 


129600 


46656000 


18-9786660 


7-1137866 


861 


130321 


47045881 


19-0000000 


7-1203674 


862 


131044 


47487928 


19*0262976 


7*1269860 


868 


131769 


47882147 


19 0525589 


7-1834925 


864 


132496 


48228544 


19-0787840 


7 1400370 


865 


133225 


48627125 


19-1049732 


7*1465695 


366 


133956 


49027896 


19*1311265 


7 1630901 


367 


134689 


49430863 


19-1572441 


7*1695988 


868 


135424 


49836032 


19*1883261 


7-1660957 


869 


136161 


50243409 


19-2093727 


7-1725809 


370 


136900 


50653000 


19-2353841 


7-1790544 


871 


137641 


51064811 


19*2613603 


7*1855162 


872 


138384 


51478848 


19-2873015 


7*1919663 


873 


139129 


51895117 


19-3182079 


7 1984050 


874 


139876 


52313624 


19-8390796 


7-2048322 


875 


140625 


52734375 


19*3649167 


7*2112479 


876 


141376 


53157376 


19 8907194 


7-2176522 


877 


142129 


53582633 


19*4164878 


7*2240450 


878 


142884 


54010152 


19 4422221 


7*2304268 


S79 


143641 


54489939 


19*4679228 


7-2367972 



Iteel^nesls. 

-00816«567 
* 003164674 
*003144664 
'008184796 
*0031S6000 
-008115266 
* 003106690 
-003098975 
*003086420 
'008076928 
-003667486 
*OOS066104 
•003M8780 
-0030S9514 
-0O3O80S08 
-008031148 
•00S01S048 
-OOS008008 
-002904012 
-002986075 
•002976190 
-002967869 
-002968580 
-OQ2949858 
'002941176 
-002982551 
'002928977 
-002916462 
-002906977 
-002896651 
'002890173 
* 002881844 

00287856S 
•002866880 
-002867148 
-002849003 
-002840909 
-002882861 
-002894859 
•002S16001 
-002808089 
•002801120 
'002798296 
* 002786616 
•002777778 
•002770088 
* 002769481 
-002764821 
•002747268 
•002789726 

002782240 
•002724786 
•002717891 
•002710Q27 
•002709708 
*002696418 
•002688172 
'002680965 
•002678797 
•002666667 
-002669574 
* 002662520 
•002646508 
•002688621 
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Ktaobtn. 


Sqoartt. 


OabM. 


Square Roots. Cube Roota. 


MO 


144400 


54872000 


19*4935887 


r 3481565 


Ml 


145161 


55806341 


19*5192218 j 


r 3495045 


983 


145934 


55742968 


19*5448208 1 


r 3558415 


388 


146689 


56181887 


19 5703858 J 


r* 2631675 


884 


147456 


56623104 


19-5959179 ] 


r 3684834 


S8A 


148335 


57066625 


19*6214169 J 


r*2747864 


886 


148996 


57512456 


19*6468827 J 


r- 2810794 


887 


149769 


57960603 


19*6723156 i 


r* 2873617 


888 


150544 


58411073 


19*6977156 1 


r*2936380 


889 


151831 


5b863869 


19*7230829 \ 


r*2998986 


890 


153100 


59319000 


19-7484177 < 


r- 8061486 


881 


153881 


59776471 


19*7737199 J 


r*8123838 


883 


158664 


60236288 


19*7989899 \ 


r- 8186114 


808 


154449 


60698457 


19*6242276 't 


r- 3248395 


894 


155286 


61162984 


19*8494383 \ 


r -8310869 


885 


156035 


61629875 


19*8746069 't 


r '3372389 


886 


156816 


62099136 


19*8997487 \ 


r*8434305 


887 


157609 


6257077.1 


19*9248588 't 


r- 3495066 


808 


158404 


68044793 


19*9499378 ; 


r •8557634 


899 


159201 


63521199 


19*9749844 : 


r '8619178 


400 


160000 


64000000 


20*0000000 : 


r* 8680680 


401 


160801 


64481201 


30*0249844 3 


f -8741979 


408 


161604 


64964808 


30*0499377 "i 


r- 8803337 


408 


162409 


65450827 


30*0748599 "i 


r* 8864878 


404 


163216 


65939264 


300997513 't 


r '3925418 


405 


164025 


66430125 


30' 1246118 1 


r- 8986363 


406 


164836 


66923416 


30*1494417 1 


r '4047806 


407 


165649 


67419148 


30 1742410 1 


r '4107950 


408 


166464 


67917313 


20*1990099 "i 


r -4168595 


409 


167281 


68417929 


20*2237484 3 


f -4229143 


410 


168100 


68921000 


20*2484567 "i 


r*4289589 


411 


168921 


69426531 


20*2731349 ; 


r 4849988 


418 


169744 


69934528 


30-2977881 ; 


r 4410189 


418 


170569 


70444997 


30*3224014 1 


f -4470843 


414 


171396 


70957944 


30*3469899 'i 


r -4530899 


415 


172225 


71473375 


20*3715488 1 


r*4590S59 


416 


173056 


71991296 


30*3960781 1 


f 4650328 


417 


173889 


72511718 


30*4205779 1 


r 4709991 


418 


174794 


73034638 


20*4450488 1 


r*4769664 


419 


175561 


73560059 


20*4694895 1 


r '4829243 


480 


176400 


74088000 


30*4939015 1 


r*4888734 


481 


177241 


74618461 


30*5182845 1 


r*494811S 


483 


178084 


75151448 


20*5426386 1 


r*5007406 


«8 


178989 


75686967 


20-5669688 ) 


r -6066607 


484 


179776 


76225024 


30*5912608 1 


r -5125715 


435 


180635 


76765625 


20-6155281 1 


r 5184780 


436 


181476 


77308776 


20*6397674 1 


r* 5243652 


437 


182329 


77854488 


30*6639788 S 


r -5302482 


438 


183184 


78402753 


30-6881609 1 


r*5361331 


439 


184041 


78953589 


20*7123152 1 


r- 5419867 


480 


184900 


79507000 


30*7364414 1 


f*6478428 


481 


185761 


80062991 


20*7605395 1 


r* 5536888 


483 


186624 


80621568 


30*7846007 1 


r 5595268 


438 


187489 


81182737 


30*8086520 1 


r- 5653548 


484 


188356 


81746504 


20-8326667 1 


r* 5711748 


485 


189235 


82312875 


20*8566536 ] 


r* 5769849 


4S6 


190096 


82881856 


30*8806130 1 


r* 5827865 


487 


190969 


83453458 


30*9045450 1 


r* 5885798 


488 


191844 


84027673 


30*9284495 \ 


r* 5948683 


489 


192731 


84604519 


30*9523268 ) 


r* 6001885 


440 


198600 


85184000 


30*9761770 1 


r* 6059049 


441 


194481 


85766121 


21*0000000 ) 


r* 61 16626 


443 


195864 


86350888 


21*0237960 : 


r -6174116 


448 


196840 


86938907 


31*0475653 \ 


r* 6381619 



BMeipnmn 
'003681579 

003634073 
'003617801 
'003610966 
'003604167 
'003597408 
'003690674 
'0035«8979 
*003677820 
'002570694 
'003564108 
'003557645 

002551020 
'002544529 
'002686071 
'002631646 
*003636258 
'002518892 
'003612568 

003606266 
* 003600000 
* 003493766 
* 003487562 
*003481890 
'003475248 
'009460136 
'002463054 
'003457002 
'002450980 
*002444988 

003439024 

002483090 
* 003437 184 
'00»31308 
'003415469 
'00^109639 
'003406846 
'008898083 
'008892844 
'002886686 
*002880953 
'003876397 

003869668 
'002864066 
'002868491 
'002852941 
'002847418 
'002841920 
'002886449 
'002881002 
'003836681 
'008830186 
'008814815 
'003809469 
'008804147 
'003298851 
'003898578 
'003888330 
'008283106 
'002377904 
'003373737 
'003367574 
'003363448 
'00S35788O 
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444 

445 
446 
447 
44S 

449 
450 
451 
452 
458 
454 
455 
456 
457 
456 
450 
460 
461 
463 
468 
464 
465 
466 
467 
466 
460 
470 
471 
472 
478 
474 
475 
476 
477 
476 
479 
480 
481 
482 
488 
464 
485 
486 
487 
488 
489 
400 
401 
492 
493 
494 
495 
496 
497 
498 
499 
^0 
501 
502 
503 
504 
505 
506 



197186 

19802!^ 

196916 

199809 

200704 

201601 

202500 

203401 

204804 

205200 

206116 

207025 

207986 

208849 

209764 

210681 

211600 

212521 

213444 

214369 

215296 

216225 

217156 

218089 

219024 

219961 

220900 

221841 

222784 

223729 

224676 

225625 

226576 

227529 

228484 

229441 

230400 

231861 

232824 

233289 

234256 

235225 

236196 

237169 

238144 

239121 

240100 

241081 

242064 

243049 

244036 

245025 

246016 

247009 

248004 

249001 

250000 

251001 

252004 

253009 

254016 

255025 

256086 

257049 



Cubes. 

87528884 

88121125 

88716536 

69314628 

89915898 

00518849 

91125000 

91733851 

92845408 

92959677 

93576664 

94196375 

94818816 

95443998 

96071912 

96702579 

973360C0 

97972181 

98611128 

99252847 

99897344 

100544625 

101194696 

101847563 

102503232 

103161709 

103823000 

104487111 

105154048 

105823817 

106496424 

107171875 

107850176 

108531383 

109215352 

109902239 

110592000 

111284641 

111980168 

112678587 

118379904 

114084125 

114791256 

115501308 

116214272 

116930169 

117649000 

118870771 

110095488 

119823157 

120553784 

121287375 

122023936 

122768478 

123505992 

124251499 

>25uOOOOC 

K'75l501 

126506008 

127263527 

128024064 

128787625 

129554216 

160328848 



Bqvftre Hoots. Cube Boots . 



21 0713075 
21 0^60231 
21-1187121 
21 1428745 
21*1660105 
21 1896201 
21*2132034 
21-2867606 
21*2602916 
21*2837967 
21-8072758 
21-8307290 
21*3541565 
21-8775588 
21-4009346 
21*4242858 
21*4476106 
21*4709106 
21 '494185S 
21-5174348 
21*5406592 
21*5638587 
21-5870331 
21*6101828 
21*6383077 
21*6564078 
21*6794834 
21*7025344 
21*7255610 
21*7485632 
21*7715411 
21-7944947 
21-8174242 
21*8403297 
21-8632111 
21*8860686 

21 9089028 
21*9317122 
21-9544984 
21*9772610 

22 0000000 
22*0227155 
22 0454077 
22 0680765 
22- 0907220 
22*1133444 
22 1359436 
22*1585198 
22*1810730 
22*2036038 
22*2261108 
22*2485955 
22*2710575 
22*2934968 
22*3159136 
22*8383079 
22*3606798 
22*3830293 
22*4058565 
22*4276615 
22-4499448 
22*4722051 
22*4944438 
22*5166605 



7-6288837 
7*6346067 
7*6408218 
7*6460272 
7-6517247 
7*6574188 



-6680948 
6687665 
* 6744308 
'6800857 
-6857328 
-6918717 
•6970023 
'7026246 
■7082388 
■7188448 
-7194426 
'7250325 
■7306141 
•7361877 
-7417582 
-7473109 
-7528606 
'7584023 
-7639361 
-7694620 
7749801 
■7804904 
'7859928 
■7914875 
'7969745 
'8024538 
-8079254 
-8133892 
-8188456 
'8242942 
'8297858 
-8351688 
-8405949 
7-8460134 
7*8514244 
7-8568281 
7-8622242 
7-8676180 
7 8729944 
7*8783684 
7*8837352 
7-8890946 



7- 

7 

7- 

7 

7' 

7 

7* 

7 

7 

7 

7- 

7 

7 

7- 

7- 

7 

7 

7' 

7 

7 

7 

7 

7 

7' 

7 

7 

7 

7 

7 

7 

7' 

7 

7 



7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7' 
» 



8944468 
-8997917 
* 9051294 
-9104599 
'9157832 
■9210994 
■9264085 
'9317104 
'9870053 
9422981 
9475739 
9528477 
9581144 
9633748 
9686271 
9788781 



*0022S8259 
*002S47191 
'00SM215? 
00338713^ 
'003383141 
•003387171 
'003333223 
'003S17295 
-002313389 
'OO32O7506 
*003302643 
'0021978U2 
*002192g62 
•003188184 

* 003188406 

* 003178649 
'00217881S 

* 003169197 

* 003164502 

* 002159627 
'003155173 
*0021505M 
'003145928 
'002141328 

* 002186752 

* 002182196 
002127660 

-002128143 

'003118644 

'003114165 

'O02109705 

'002105268 

'002100840 

002096486 

•002092050 

'002i '87688 

'002068S88 

•002079002 

'002074689 

* 002070898 

* 002066116 

'002061856 

'002057618 

'002058888 

'002049180 

* 002044990 

'002040816 

'002086660 

* 002082520 

'00202889B 

'002034291 

•003030202 

•002016129 

'0O2O1207S 

•002006082 

'002004008 

' 002000000 

001906008 

'001982032 

•001968072 

'001984127 

'001960108 

•001976285 

*001973887 
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UmBben. 


Equant. 


Cubes. 


Bquure Boot*. 


OnbeBoott. 


B^dprooals. 


508 


258064 


181096512 


22*5388553 


7*9791122 


'001968504 


609 


259081 


131872229 


22*5610283 


7-9843444 


•001964687 


610 


260100 


182651000 


22*5831796 


7*9895697 


•001960784 


611 


261121 


133432831 


22-6053091 


7-9947883 


•001956047 


612 


262144 


134217728 


22-6274170 


8-0000000 


'001958125 


618 


263169 


185005697 


22*6495033 


8-0052049 


•001949818 


614 


264196 


13579G744 


22-6715681 


8*0104032 


•001945525 


615 


265225 


136590875 


22-6936114 


8-0155946 


•001941748 


616 


266256 


137388096 


22-7156334 


8*0207794 


•001937084 


617 


267280 


138188418 


22-7376341 


8*0259574 


* 001984286 


518 


268324 


138991832 


22-7596134 


8-0311287 


* 001930502 


519 


269361 


139798359 


23-7815715 


8-0362935 


*001926782 


520 


270400 


141608000 


22-8035085 


8 0414515 


•001928077 


821 


271441 


141420761 


22 8254244 


8*0466030 


* 001919886 


622 


272484 


14223(>648 


22-8478193 


8-0517479 


*001915709 


528 


273529 


143055667 


22*8691933 


8-0568862 


*00I91S046 


524 


274576 


14387 7 S24 


22-8910463 


8-0620180 


*001908S97 


525 


275625 


144703125 


22*9128785 


8-0671432 


* 001904762 


526 


276676 


145531576 


22*9346899 


8-0722620 


*001901141 


527 


277729 


146363188 


22-9564806 


8-0773743 


*001897588 


528 


278784 


147197952 


22 9782506 


8-0824800 


•001898989 


529 


279841 


148035889 


23-0000000 


8-0875794 


-001890859 


580 


280900 


148877000 


23 0217289 


8*0926728 


•001886792 


581 


281961 


149721291 


23-0434372 


8 0977589 


* 001888239 


588 


283024 


150568768 


23-0651252 


8 1028390 


*001879699 


588 


284089 


151419437 


23 0867928 


8-1079128 


*001876178 


584 


285156 


152273304 


23-1084400 


8*1129803 


-001872650 


585 


286225 


153130375 


23*1300670 


8*1180414 


* 001869159 


586 


287296 


153990656 


23*1516738 


8*1230962 


•001865672 


587 


288369 


154854158 


23-1732605 


8-1281447 


* 0018621 97 


588 


289444 


155720872 


23*1948270 


8 1331870 


'001858786 


589 


290521 


156590819 


23*2163735 


8-1382230 


•001855288 


540 


291600 


157464000 


23-2379001 


8-1432529 


*001851852 


541 


292681 


158340421 


23-2594067 


8*1482765 


* 001848420 


542 


293764 


159220088 


23-2808935 


8*1532939 


* 001845018 


548 


291849 


1(30103007 


23-3023604 


8*1583051 


* 00] 841621 


544 


295936 


160989184 


23-3238076 


8-1633102 


-001888285 


545 


297025 


161878625 


23*8452351 


8 1683092 


-001884862 


546 


298116 


162771336 


23*8666429 


8-1733020 


•001891502 


647 


299209 


163667323 


23*3880311 


8-1782888 


* (•01828154 


548 


300304 


164566592 


23-4093998 


6-1832695 


*001824818 


649 


801401 


165469149 


23-4307490 


8-1882441 


•001821494 


650 


802500 


166375000 


23*4520788 


8 1932127 


•001818182 


551 


803601 


167284151 


23-4733892 


8-1981758 


•001814882 


552 


804704 


168196608 


23*4946802 


8-2031319 


'001811594 


658 


305809 


169112377 


23-5159520 


8-2080825 


* 001808818 


5M 


806916 


170031464 


23-5372046 


8-2130271 


•001805054 


555 


808025 


170953875 


23*5584380 


8-2179657 


•001801802 


656 


309136 


171879616 


23-5796522 


8-2228985 


•001798561 


657 


810249 


172808693 


23-6008474 


8*2-278254 


*001796882 


658 


811364 


173741112 


23-6220236 


8-2327463 


*001792115 


550 


812481 


174676879 


23-6431808 


8*2376614 


*001788909 


560 


318600 


175616000 


23-6643191 


8-2425706 


*001785714 


561 


814721 


176558481 


23-6854386 


8-2474740 


•001782581 


562 


815844 


177504328 


23-7065392 


8*2523715 


* 001779856 
-001776190 


568 


316969 


178453547 


23-7276210 


8-2572635 


564 


818096 


179406144 


23*7486842 


8-2621492 


-001778052 


565 


819225 


180362125 


23-7697286 


8*2670294 


-001769018 


566 


820356 


181321496 


23-7907545 


8-2719039 


-001766784 


567 


821489 


182284268 


23 8117618 


8*2767726 


*001768669 


568 


822624 


183250432 


23-8327506 


8-2816255 


*0017(S0568 


569 


823761 


184220009 


23-8537209 


8-2864928 


* 001757469 


570 


824900 


185193000 


S8- 8746728 


6*2913444 


•001754886 


571 


826041 


186169411 


23-8956068 


8-2961908 


•001751818 
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IfvBiWn. 


Sqoaret. 


Cubes. 


Square Koots. 


CabeRooti. : 


Riilftwirt 


»73 


827184 


187149248 


23*9165216 


8*3010301 


001748252 


«78 


828329 


188132517 


23*9374184 


8*3058651 


OO1746901 


674 


829476 


189119224 


33*9582971 


8*3106941 


*OO174dl60 


»76 


830625 


190109375 


23-9791576 


6*3155175 


-001799180 


576 


331776 


191102976 


24*0000000 


8*3203368 


001786111 


«77 


332929 


192100033 


24*0208248 


8*3251476 


-0017SS10S 


678 


834084 


193100552 


24*0416306 


6*3299542 


001780104 


679 


335241 


194104539 


24*0624188 


6-3347558 


-001737116 


680 


336400 


195112000 


24-0831891 


6*3395509 


-001734188 


681 


337561 


196122941 


24 1039416 


8*3443410 


001781170 


682 


338724 


197137368 


24*1246762 


8-3491256 


001718818 


688 


339889 


198155287 


24 1453989 


8*3539047 


-001711866 


684 


341056 


199176704 


24*1660919 


8*3586784 


001713839 


685 


342225 


200201625 


24*1867732 


8-3634466 


'0017IM02 


686 


343396 


20123U056 


24*2074369 


8-3682095 


-001706485 


687 


344569 


202262003 


24*2280829 


8*3729668 


001708678 


688 


345744 


203297472 


24-2487118 


8-3777188 


001760680 


689 


346921 


204336469 


24*2693222 


8-3824668 


-001697m 


590 


348100 


205379000 


24*2899156 


8-3872065 


'00169ttl5 


691 


349281 


206425071 


24-8104996 


8*3919438 


001692047 


692 


350464 


207474688 


24*3310501 


8-3966729 


-001689189 


698 


351649 


208527857 


24-3515913 


8*4013981 


001686841 


694 


352836 


209584584 


24*3721152 


8*4061180 


001688503 


695 


354025 


210644875 


24*3926218 


8-4108326 


001680673 


696 


355216 


211708736 


24*4131112 


8-4155419 


-001677853 


597 


356409 


212776173 


24*4335834 


8*4202460 


-001676043 


698 


357604 


218847192 


24-4640385 


8*4249448 


001678141 


699 


358801 


214921799 


24-4744765 


8-4296388 


001669149 


600 


360000 


216000000 


24*4948974 


6*4343267 


-001666867 


601 


361201 


217081801 


24-5153018 


8*4390098 


-001668894 


602 


362404 


218167208 


24-5356888 


8-4436877 


001661180 


608 


363609 


219256227 


24-5560588 


8-4483605 


-001656875 


i04 


364816 


220348864 


24-5764115 


8-4530281 


001655839 


605 


366025 


221445123 


24-5967478 


8 4576906 


00165388S 


606 


367236 


222545016 


24*6170678 


8 4623479 


00165tl65 


607 


368449 


228648543 


24-6373700 


8-4670(X)l 


001647448 


608 


369664 


224755712 


24*6576560 


8*4716471 


001644787 


609 


370881 


225866529 


24-6779254 


8-4762892 


001643086 


610 


872100 


226981000 


24-6981781 


8-4809261 


00168N44 


611 


373321 


228099131 


24-7184142 


8-4855579 


0016S68B1 


612 


374544 


229220928 


24-7386338 


8-4901848 


001688887 


618 


375769 


280346397 


24*7588368 


8-4948065 


001681831 


614 


376996 


231475544 


24-7790234 


8*4994288 


001686864 


615 


378225 


232608375 


24-7991936 


8-5040350 


001636016 


616 


379456 


233744896 


24-8193478 


8-5086417 


001638877 


- 617 


380689 


234885113 


24*8394847 


8-5132485 


001630746 


618 


381924 


236029032 


24-8596058 


8-5178403 


001618138 


619 


383161 


237176659 


24-8797106 


8-5224331 


001616609 


620 


384400 


238328000 


24-8997992 


8-5270189 


001613803 


621 


385641 


239483061 


24*9198716 


8-5316009 


001610806 


622 


386884 


240641848 


24-9399278 


8*5361780 


001607717 


628 


388129 


241804367 


24-9599679 


8 5407501 


001606188 


624 


389376 


242970624 


24*9799920 


8*5453173 


-001603564 


625 


390625 


. 244140625 


25*0000000 


8-5498797 


-001600000 


626 


391876 


245134376 


25*0199920 


8*5544372 


001597444 


627 


393129 


246491883 


25*0399681 


8-5589899 


001594896 


628 


394384 


247673152 


25 0599282 


8-5635377 


-001593857 


629 


395641 


248858189 


25-0798724 


8-5680807 


•001689825 


630 


396900 


250047000 


25-0998008 


8-5726189 , 


-OO158780S 


681 


398161 


251239591 


25*1197134 


8*5771528 


-001584786 


632 


399424 


252435968 


25 1396 102 


8*5816809 


'001583378 


638 


400689 


253636137 


25*1594913 


8*5862247 


•001679779 


684 


401956 


254840104 


26 1793566 


8-5907238 


'001677887 


689 


403225 


S66047875. 


36-1992068 


8-6952389 


OO1574808 



GAS ENGINEEBS AND MAKAGEHS. 
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«n. 84WMI. 


Cabefc 


•VMre Boots. 


OabeBavte. 


404466 


257259456 


85-2190404 


8-5997476 


405766 


258474858 


85*2888569 


8*6042586 


407044 


25969407S 


85*3586619 


8-6087586 


408321 


260917119 


8f'8784498 


8*6133480 


400600 


262144000 


85-2982218 


8'6177866 


410861 


868374781 


85*8179778 


8'6322248 


1 412164 


864609388 


85 '8877180 


8*6267068 


1 418440 


865847707 


85*3574447 


8-6811880 


414786 


367089984 


85-3771561 


8-6356551 


* 416026 


868336125 


85 '3968508 


8-6401286 


417316 


269586186 


85*4165308 


8*6445865 


418609 


870840028 


85-4861947 


8*6490487 


419904 


872097792 


85*4558441 


8*6584974 


» 421201 


278359440 


85-4754784 


8*6579465 


» 422500 


274625000 


85*4950976 


8*6628911 


428801 


875894451 


85*5147018 


8*6668810 


425104 


377167808 


85-5342907 


8*6712665 


I 426409 


378445077 


86 '5588647 


6*6756974 


t 427716 


379726264 


25*5784287 


8 '6801287 


• 429025 


281011875 


85 '5929678 


8*6845456 


t 480386 


282300416 


85*6124969 


8 '6889680 


481649 


383593898 


85-6320118 


8*6983759 


1 432964 


884890818 


85*6515107 


8-6977848 


» 434281 


886191179 


85-6709958 


8 '7021888 


» 435600 


387496060 


85*6904658 


8-7065867 


48H921 


888804781 


85 '7099208 


6*7109827 


\ 438244 


890117588 


85*7898607 


8*7153784 


1 439569 


891484247 


85*7487864 


8-7197596 


i 440896 


292754944 


25*7681975 


6-7341414 


1 442285 


294079625 


35*7875989 


8*7385187 


( 443556 


295408296 


85 '8069758 


6*7828918 


444899 


296740968 


85'8263481 


8*7372604 


\ 446224 


298077688 


85*8456960 


8*7416246 


i 447561 


899418309 


85-8650848 


6-7459846 


i 448900 


800763000 


85-8843588 


8-7503491 


450241 


802111711 


85-9036677 


6-7546918 


1 451584 


803464448 


85*9229628 


6'759038S 


\ 452929 


804821217 


85-9422485 


6 '7638869 


I 454276 


806182024 


85-9615100 


6*7677193 


( ■ 455625 


807546875 


85 9807631 


8*7720583 


1 456976 


808915776 


86-0000000 


8*7763880 


r 458329 


810288788 


36 0192237 


8*7807064 


i 459684 


811665752 


86-0884381 


8 '7850296 


I 461041 


813046889 


860576284 


8*7898466 


1 462400 


814432000 


36-0768096 
36-0959767 


8*7986596 


{ 468761 


815821241 


8-7979679 


1 465124 


817214566 


86-1151297 


8*8022781 


1 466489 


818611987 


86' 1342687 


6*8065788 


\ 467856 


820013504 


86 1588987 


8*8108681 


\ 469225 


821419125 


86-1725047 


8*8151598 


1 470596 


822828856 


36* 1916017 


8*8194474 


r 471069 


824242708 


36' 2106848 


8 '8237807 


( 473344 


825660678 


86-2297641 


8*8280099 


1 474721 


827082769 


86*2488095 


8*8322850 


1 476100 


828509000 


86'267861l 


8 '8365550 


I 477481 


829939371 


96*2868789 


8*8408287 


1 478864 


831873888 


86-8058929 


8*84508M 


1 480249 


832812557 


36-3248982 


8*8493440 


{ 481686 


834255384 


36'8438797 


6*6535985 


I 488025 


835702375 


86*8628587 


•'8578189 


1 484416 


837153586 


86-3818119 


8-8620958 


r 485809 


838608878 


36-4007576 


6-8668375 


I 487204 


840068392 


86 -4196896 


6-8705757 


) 488601 


841532099 


86-4886081 


6-8748069 



'001578827 
'001569859 
'001667896 
'001564946 
'001568500 
'001566068 
'001557688 
'001555210 

001558795 
'001556868 
'001547988 
'001545595 

001548210 
'001540882 
'001588468 
'001586006 
'001588743 
'001581894 
'001539058 
-001586718 
'001584890 
'001583070 
•001519751 
'001517451 
*001515158 
* 001513859 
*001510674 
*001506206 
'001506084 
*001508759 
'001501508 
* 001499850 
'001497006 
'001494768 

001499587 
'OO1490618 
'001488095 
*001485684 
* 001488680 
'001481481 
'001479890 
*001477105 
* 001474926 
*00147a754 
*001470688 
*001468439 
•0014R6876 
*0014a4139 
'001461968 
•001459854 
*001457726 
*001456804 
*001453488 
'001451379 
*00144a875 
'001447178 
'001445087 
'001448001 
•001440933 
'0014S6649 
'001486.788 
'001484730 
*00148!«{65 
'001430615 
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Xdiabera. Bquaret. 



700 
701 
702 
708 
704 
706 
706 
707 
708 
709 
710 
711 
713 
718 
714 
715 
716 
717 
718 
710 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
738 
784 
736 
786 
787 
788 
780 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
762 
753 
754 
756 
756 
757 
758 
769 
.60 
761 
762 
768 



490000 
491401 
492804 
494209 
495616 
497026 
498436 
499849 
501264 
502081 
504100 
505521 
506944 
508869 
509796 
511225 
512656 
514089 
515524 
51t961 
618400 
519841 
521284 
522729 
524176 
525626 
527076 
528529 
529984 
531441 
532900 
534361 
535824 
537289 
638756 
640226 
541696 
643169 
544644 
646121 
647600 
649081 
550564 
552049 
553586 
555026 
556516 
558009 
559504 
561001 
562500 
564001 
665504 
567U09 
668516 
570026 
571536 
573049 
574564 
676081 
677600 
679121 
580644 
682199 



Cube* 

843000000 
344472101 
84594M08 
847428927 
S489136G4 
850102G25 
851895816 
853393248 
854894912 
856400820 
357911000 
359425431 
360944128 
862467097 
863994344 
865525875 
867061696 
868601818 
870146282 
871t)94959 
873248000 
874805361 
876367048 
877933067 
879508424 
881078126 
882657176 
884240583 
885828362 
887420489 
889017000 
390617891 
892223168 
893832837 
395446904 
897065375 
8986b8256 
400315553 
401947272 
403583419 
405224000 
406869021 
4085.8488 
410172407 
411830784 
413493626 
415160936 
416832723 
418508992 
420189740 
421875000 
423664761 
425259908 
426957777 
428(>61064 
480368876 
432081216 
433798093 
435519512 
437245479 
438976U00 
440711081 
442450728 
444194947 



Square Boott. Cube Booti. Aec^roeah 



26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
37 
37 
27 
27 



■4575131 
•4764046 
■4952826 
•5141472 
•5320983 
•5518361 

5706606 
•5894716 
'6082694 
•6270589 
■6458252 
-6645833 
•6833281 
■7020598 
•7207784 
■7394839 
•7681763 
•7768657 

796.>220 
•8141754 
-8328157 
•8514432 
•8700577 
•8886598 
•9072481 
•9258240 
•9443872 
-9629376 
•9614751 
•0000000 
■0185122 
•0370117 
•0554986 
•0739727 
•0924344 
•1108834 
• 1293199 
•1477149 
•1661554 
•1845544 
•2029140 
■2213152 
•2396769 
•2580263 
•27G3634 
•2946881 
•3130U06 
•3313U07 
■3495887 
•3678644 
■3861279 
•4043792 
•4226184 
•4408455 
•4690604 
•4772633 
•4954542 
•5136330 
•5317998 
•5499546 
•5680975 
•6862284 
•6043475 
•6224546 



8 
8 
8 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 



8790400 

8832661 

8874882 

8917063 

8959204 

9001804 

9043366 

9085887 

9127869 

9169311 

9211214 

9253078 

9294092 

9336687 

9378433 

9420140 

946 1 809 

9503488 

9545029 

9586581 

9628095 

9669570 

9711007 

9752406 

9793766 

9835089 

9876373 

9917620 

9968899 

0000000 

0041184 

0082229 

0123288 

0164309 

0205293 

0246239 

0287149 

0328021 

0368857 

0409656 

0450419 

0491142 

0531831 

0572482 

0613098 

0653677 

0094220 

0734726 

0775197 

0815631 

0856030 

0896362 

0936719 

0977010 

1017266 

1U57486 

1097669 

1137818 

1177931 

1218010 

1258053 

1298(161 

1338Ub4 

1377971 



•001428571 
•001426584 
'001424501 
•001422475 
•00143M55 
•001418410 
•001416431 
•001414427 
•001413429 
•001410487 
'001406451 
-001406170 
*001404494 
'001402525 
' 001400560 
•001898601 
'00189664S 
•001894700 
'001892758 
•OO18B06S1 
•001888889 
'001886968 
•0018860iS 
•001888126 
•001881315 
•OO1S79810 
•001877410 
•001876516 
001878626 
001871742 
•001869863 
•001867989 
•001866120 
•001864356 
•001863896 
•001860544 
•001858696 
•00186685S 
•001866014 
•001868180 
•001861851 
•001849528 
•001847709 
•001846895 
•001844086 
•001342382 
•001840483 
•001888688 
•001886896 
•001386113 
•0O1S88388 
•001881558 
•001339787 
•001838021 
•001836260 
•001834503 
•001833751 
•001821004 
•001819261 
•001817523 
•001316789 
•001814060 
•001818336 
•001810616 



GAS ENGINEEES AND MANAGERS. 



861 



Kvmbers. 


SqumiM. 


CabM. 


Square BooU. 


Cnbe Roots. i 


EteciprocaUt 


764 


583696 


445943744 


27-6405499 


9-1417874 


•001308901 


766 


585226 


447697125 


27 6586334 


9-1457742 


•001307190 


766 


58G756 


449455096 


37*6767050 


9-1497576 


001305488 


767 


588289 


451217668 


27-6947648 


9 1537375 


001308781 


768 


589824 


452984833 


27-71-8129 


9-1577139 


•001302083 


768 


591361 


454756609 


27 '7308493 


9-1616869 


•001300890 


770 


592900 


456533000 


27*7488739 


9*1656565 


•001298701 


771 


594441 


458314011 


27-7668868 


9-1696225 


•001297017 


772" 


595984 


460009648 


27-7848880 


9-1735852 


001295837 


778 


597529 


461889917 


27-8028775 


9-1775445 


001293661 


774 


599076 


463684824 


27-8208555 


9-1815003 


•001291990 


776 


600C25 


465484375 


27-8388218 


9-1854527 


001290328 


776 


602176 


467288576 


27-8567766 


9-1894018 


001288660 


777 


603729 


469097433 


27-8747197 


.9-1933474 


001287001 


• " • 

778 


605284 


470910952 


27-8926514 


9-1972897 


001385847 


779 


606841 


472729139 


27-9105716 


9-2012286 


•001288697 


780 


608400 


474552000 


27-9284801 


9-2051641 


001282051 


781 


609961 


476379541 


27-9463773 


9*2090962 


•001280410 


7&S 


611524 


478211768 


27-9642629 


9-2130250 


001278772 


78S 


613089 


480048687 


27-9821372 


9-2169506 


001277189 


784 


614656 


481890304 


28-0000000 


9*2208726 


001276610 


786 


616225 


483736625 


28-0178515 


9-2247914 


001278886 


786 


617796 


485587656 


28-0356916 


9*2287068 


001272866 


787 


619369 


487443403 


28 0535203 


9-2326189 


001270648 


788 


620944 


489303872 


28-0713377 


9-2365277 


001269036 


788 


622521 


491169069 


28 089 1438 


9-2404388 


001287427 


790 


624100 


493039000 


28*1069386 


9*2443356 


001265828 


781 


625681 


494913671 


28*1247222 


9-2482344 


001264228 


793 


627264 


496793088 


28- 1424946 


9*2521300 


001262626 


799 


628849 


498677257 


28-1602557 


9-2560224 


001261034 


794 


630436 


500566184 


28 1780056 


9-2599114 


001259446 


796 


632025 


502459875 


28- 1967444 


9 2637978 


001257862 


796 


633616 


504358336 


28-2134720 


9*2676798 


001256281 


797 


635209 


506261573 


28*2311884 


9-2715592 


001254705 


796 


636804 


508169592 


28*2488938 


9 2754352 


001258133 


799 


638401 


510082399 


28-2665881 


9-2793081 


001261864 


800 


640000 


612000000 


38*2842712 


9-2831777 


001260000 


801 


641601 


513922401 


38*3019434 


9-2870444 


001248439 


80S 


643204 


515849608 


28*3196045 


9*2909072 


001246888 


808 


944809 


517781627 


28-3372546 


9*2947671 


001245830 


804 


646416 


519718464 


28 3548938 


9 2986239 


001248781 


806 


648025 


521660125 


'28*3725219 


9*3024776 


001242236 


806 


649636 


523606616 


38*3901391 


9*3063278 


001340695 


807 


651249 


525567943 


28*4077454 


9*3101750 


001239157 


868 


652864 


527514112 


28-4253408 


9-3140190 


001237624 


809 


654481 


529475129 


28*4429253 


9*3178599 


001236094 


810 


656100 


531441000 


28 4604989 


9-8216976 


001234568 


811 


657721 


533411731 


28*4780617 


9*3255320 


001233046 


811 


659844 


635387328 


28-4956137 


9-3293634 


001231527 


818 


660900 


637367797 


28-5131549 


9-8831916 


001280012 


814 


662596 


639353144 


28-5306852 


9-3370167 


001228501 


816 


664225 


641343375 


28-5482048 


9*3408386 


001226994 


816 


665856 


643338496 


28-5657187 


9*3446576 


001225499 


817 


667489 


645338513 


38*5832119 


9*3484731 


001228990 


818 


669124 


647343432 


28-6006993 


9*3522857 


•001222494 


819 


670T61 


649353259 


28*6181760 


9*3560958 


001221001 


830 


673400 


661368000 


28-6350421 


9 3599016 


001219612 


881 


674041 


658887661 


28-6530976 


9-3637049 


001218027 


833 


675684 


656412248 


28-6705424 


9*3675051 


-001216645 


838 


677829 


667441767 


28*6879716 


9*8713022 


•001215067 


834 


678976 


559476224 


38*7054002 


9*8750963 


001213592 


836 


680026 


561515626 


28*7228132 


9-8788878 


001212121 


836 


682376 


563669976 


28*7402157 


9-3826762 


-001210654 


837 


68S989 


666609288 


28*7576077 


9 8864600 


•0012091 9C 
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828 
829 
830 
831 
832 
838 
834 
835 
836 
837 
838 
830 
840 
841 
842 
848 
844 
846 
846 
847 
848 
849 
8«0 
861 
862 
863 
864 
866 
866 
857 
868 
860 
860 
861 
862 
863 
864 
866 
866 
867 
868 
860 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
888 
884 
886 
886 
887 
888 
889 

890 

891 



685584 
687241 
688900 
690561 
692224 
693889 
695556 
697225 
698896 
700569 
702244 
703921 
705600 
707281 
708964 
710649 
712336 
714025 
715716 
717409 
719104 
720801 
722500 
724201 
725904 
727609 
729316 
731025 
732736 
734449 
736164 
737881 
739600 
741321 
743044 
744769 
746496 
748225 
749956 
751680 
753424 
755161 
756900 
758641 
760384 
762129 
763876 
765626 
767376 
769129 
770884 
772641 
.774400 
776161 
777924 
779689 
.781456 
783225 
784996 
786769 
788544 
790321 
792100 
793881 



667663552 
669722789 
671787000 
673856191 
675930368 
678009537 
680093704 
382182875 
584277056 
686376258 
588480472 
590589719 
592704000 
594823321 
596947688 
599077107 
601211684 
603351126 
605495736 
607645423 
609800192 
611960046 
614125000 
616295051 
618470208 
620650477 
622835864 
625026375 
627222016 
629422793 
631628712 
633839779 
636056000 
638277381 
640503928 
642735647 
644972544 
647214626 
649461896 
651714363 
653972032 
656234909 
653503000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526133 
676836152 
679151439 
681472000 
683797841 
686128968 
688465387 
690807104 
693154125 
695.T06456 
697864103 
700227072 
702595369 
704969000 
707347971 



BqoareBooM.. 



28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
2 



29 
29 
29 
29 
29 
29 



•7749891 
'7923601 
■8097206 
•8270706 
'8444102 
'8617394 
•8790582 
'8963666 
•9136646 
•9309523 
•9482297 
•9654967 
•9827535 
•0000000 
•0172368 
•0344628 
•0516781 
•0688837 
•0860791 
•1032644 
•1204396 
•1376048 
•1547595 
•1719043 
'1890390 
•2061637 
•2232784 
2403830 
•2574777 
•2745623 
•2916370 
•3087018 
'3257566 
-3428016 
'3598365 
'3768616 
•3938769 
•4108823 
•4278779 
•4448637 
•4618397 
-4788059 
•4957624 
'5127091 
'5296461 
'5465734 
-5634910 
•5803989 
'5972972 
•6141868 
-6310648 
'6479342 
-6647939 
'6816442 
'6984848 
-7153159 
•7321375 
'7489496 
'7657521 
•7825452 
'7993289 
'8161030 
•8328678 
'8496231 



Cube Boots. 

9*3902419 
9' 3940206 
9*3977964 
94015691 
9'4053387 
9*4091054 
9^ 4128690 
0^ 4166297 
9^420387S 
9^4241420 
9*4278936 
9*4316423 
9*4363800 
94391307 
9*4428704 
9- 4466073 
9 4503410 
9-4540719 
9*4577999 
9-4615249 
9*4652470 
9*4689661 
9-4726824 
9-4763957 
9*4801061 
9'4838136 
9 '4875128 
0*4912200 
9*4949188 
9 '4986147 
9-5023078 
9 '5059980 
9-5096864 
9 '5133699 
9'6170516 
9*5207303 
9*5244063 
9*5280794 
9-5317497 
9'5354172 
9-5390818 
9 '5427437 
9 '5464027 
0' 6500589 
9 '5537123 
9 '5573630 
9*5610108 
5646559 
9*5682782 
9-5719377 
9*5755745 
9 '5792085 
9 5828397 
9 '5864682 
9*5900937 
9-5937169 
9*5973373 
9 '6009548 
9*6045696 
9*6081817 
9*6117911 
9'6153977 
9-6190017 
9*6226030 



'00130T729 

•001206273 

001204819 

'001208869 

* 001201023 
'001200MO 
'001190041 

* 001107605 
•001196172 
•001194743 
•001103817 
•001191696 
•001190476 
•001189061 
•001187648 
*OO1186240 
'001184834 
•001188432 
'OO118208S 
•OO11806S8 
•001179246 
'001177866 
•001176471 
'OO1176088 
'001173709 
'00117288S 
'001170960 
'001160591 
'00116822I 
'001166861 
'001165501 
'001164144 
'001162791 
'001161440 
•001160098 
'001 168749 

001167407 
*OO1156069 
'001154734 
'0O115S40S 
'001152074 
'001150748 
'001149425 
•001148106 

001146789 
-001146476 
*001 144166 
*001142857 
•001141853 

* 001140261 
'001138962 
'001187656 

001136364 
'001135074 
•001133787 
•001132308 
•001131S2S 
•001129944 
•001128688 
•001127396 
•001126126 
•00112486P 
•001123696 
•001122334 



GAS ENGINEEES AND MANAGERS. 



963 



Jtambtn. 


BqoHW. 


Cubes. 


Square Koutn. 


CubeRooto. 


BMlprocals. 


892 


795664 


707932288 


39-866:)690 


9 


-6262016 


•001121076 


888 


797449 


712121957 


29*8831056 


9 


-6297975 


•001119821 


8M 


-799386 


714516984 


39-8998328 


9 


-6333907 


•001118568 


895 


801095 


716917375 


29-916550d 


9 


-6369813 


001117818 


896 


802S16 


719323186 


39*9332591 


9 


■6405690 


•001116071 


897 


804600 


721734278 


29-9499583 


9 


6441542 


•001114827 


898 


806404 


724150792 


29-9666481 


9 


•6477367 


•001118586 


899 


806201 


726572699 


29-9833287 


9 


•6513166 


•001112347 


900 


810000 


729000000 


80-0000000 


9 


6548938 


•ooiuiin 


901 


811801 


731432701 


80*01(16621 


9 


6584684 


•001109878 


903 


818604 


738870808 


80-0333148 


9 


'6620408 


•001168647 


90S 


815409 


786314327 


80 0499584 


9 


OOOuUvD 


•001107420 


9M 


817216 


738763264 


80*0665928 


9 


6691763 


•001106195 


905 


819025 


741217625 


800832179 


9 


-6727403 


•001104972 


906 


820836 


743677416 


80 0998339 


9 


67630.7 


001103753 


907 


822649 


746142643' 


80*1164407 


9 


6798604 


*001102.V86 


906 


824464 


748613312 


80-1330383 


9 


'6834166 


001101322 


900 


826281 


751089429 


80 1496269 


9 


6869701 


•OOliOOllO 


910 


828100 


753571000 


80- 1662063 


9 


6905311 


001098901 


911 


829921 


756058031 


80-1827765 


9 


6940694 


•001097695 


913 


831744 


758550528 


80- 199;)377 


9 


6976151 


* 001096491 


918 


833569 


761048497 


80*2158899 


9 


70I15S8 


001095290 


914 


835306 


763551944 


80*2324329 


9 


7046989 


•001094092 


915 


837225 


766060875 


80*2489669 


9- 


7082369 


001092896 


916 


839056 


768575296 


80-2654919 


9 


7117723 


001091703 


917 


840880 


771095213 


80*2820079 


9 


7153051 


*001090513 


•18 


•842724 


773620682 


80*2985148 


9 


7188854 


•001089325 


•19 


841561 


776151559 


80*3150128 


9 


7223631 


•001088139 


•30 


846400 


778688000 


30-3315018 


9 


7258888 


•001086957 


•31 


848241 


781229961 


80 3479818 


9 


7294109 


•001085776 


•32 


850084 


783777448 


80-3644529 


9 


7329809 


•001084599 


•38 


851929 


786330467 


30*3809151 


9- 


7364484 


•001083423 


924 


853776 


788889024 


30-3973683 


9- 


7399634 


•001082251 


925 


855625 


791453125 


30 4138127 


9 


7434758 


•001061081 


936 


857476 


794022776 


30 4302481 


9- 


7469857 


•001070914 


937 


859329 


796597988 


80-4466747 


9 


7504930 


•001078749 


928 


861184 


799178752 


30-4630924 


9 


7539979 


•001077586 


929 


863041 


801765089 


30*4795013 


9 


7575002 


*001076426 


980 


8649<0 


804357000 


30*4959014 


9 


7610001 


* 001075269 


OSl 


8(><w61 


806954491 


30-5122926 


9 


7644974 


•001074114 


•82 


868624 


809557568 


30*5286750 


9 


7679922 


•001072961 


988 


870489 


812166237 


30*5450487 


9 


7714845 


•001071811 


984 


872356 


814780504 


SO 5614136 


9 


7749743 


•00107(j664 


985 


874225 


817400375 


30*5777697 


9 


7784616 


•001060519 


986 


876096 


820025856 


30-5941171 


9 


7829466 


•00106837A 


987 


877969 


822H56953 


30-6104557 


9 


7854288 


•001067236 


988 


879844 


825293672 


30*6267857 


9 


7889087 


001066098 


•39 


881721 


827936019 


30-6431069 


9 


'7923861 


* 001064963 


940 


883600 


830584000 


30*6594194 


9 


'7958611 


-U01063830 


911 


685481 


833237621 


30.6757233 





7993336 


•001062< 99 


942 


887364 


835896888 


30*6920185 


9 


8028036 


-001061571 


948 


889249 


838561807 


30*7083051 


9 


8062711 


-001060445 


944 


891136 


841232384 


30 '7245830 


9 


8097362 


-001050322 


945 


893025 


843908625 


30*7408523 


9 


8131989 


-001058201 


946 


894916 


846590536 


30-7671130 


9 


816659J 


-001057082 


947 


896808 


849278123 


30*7733651 


9 


8201169 


•001055966 


946 


898704 


851971392 


30*7896086 


9 


8235723 


•001054652 


•49 


900601 


854670349 


30-8058436 


9 


8270252 


-001053741 


950 


902500 


857375000 


30-8220700 


9 


8304757 


•0010526H2 


•51 


904401 


86U085351 


30 8382879 


9 


'8339288 


001051625 


962 


906304 


862801408 


30 8544972 


9 


'8373605 


* 001050420 


•53 


908209 


865523177 


30 8706981 


9 


•8408127 


*00104931H 


•54 


910116 


868250664 


30-8868904 


9 


'8442536 


•001018218 


•65 


912025 


870983875 


30-9030743 


9 


•8476920 


•001047120 



^ »^ 
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Numberi. 


Squares. 


Cubes. 


Sqiuure Boots. 


Cube Roote. 


Seetprooid^ 


956 


913936 


873722816 


80 9192477 


9 8511280 


001046025 


057 


915849 


876467493 


30 9354166 


9 8545617 


'001044932 


958 


917764 


879217912 


80 9515761 


9'85799S9 


•001048841 


969 


919681 


881974079 


30*9677251 


9 8614218 


•00104S75S 


960 


921600 


884736000 


30*9838668 


8648483 


•001041667 


961 


923521 


887503681 


81-0000000 


9*8682724 


•001040588 


962 


925444 


890277138 


31*0161248 


9 8716941 


001089501 


963 


927369 


893056347 


31-032241S 


9*8751185 


001038422 


964 


929296 


895841344 


31-0483494 


9 878530ft 


■001087844 


965 


931225 


898632125 


31 0644491 


9-8819451 


•001086369 


966 


933*56 


901428696 


31*0805405 


9-8853574 


001085197 


967 


935089 


904231063 


31 0966236 


9 8887673 


001084126 


968 


937024 


907039232 


31- 1126984 


9 8921749 


-001038058 


969 


938901 


909853209 


31-1287648 


9 8955801 


001081992 


970 


940900 


912673000 


31 1448230 


9*8989830 


001080928 


971 


942841 


915198611 


81*1608729 


9*9023835 


001029866 


972 


944784 


918330048 


81 1769145 


9 9057817 


001028807 


97S 


946729 


921167317 


31*1929479 


9 9091776 


001027749 


974 


948676 


924010424 


81*2089731 


9-9125712 


001026694 


975 


950625 


926859375 


31-2249900 


9-9159684 


001025641 


976 


952576 


929714176 


31-2409987 


9-9193518 


001024590 


977 


954529 


932574833 


31*2569992 


9*9227379 


001028541 


978 


956484 


935441352 


31-2729915 


9*9261222 


•001022495 


979 


958441 


938313739 


31 2889757 


9*9295012 


001021450 


980 


960400 


941192000 


31 -3049517 


9-9328839 


001020406 


981 


962361 


944076141 


31*3209195 


9 9362618 


-001019168 


982 


964324 


946966168 


31-3368793 


9*9396368 


00 1018830 


983 


966289 


9498G2087 


31*3528308 


9 9430092 


001017394 


964 


968256 


952763904 


81*3687743 


9*9463797 


001016360 


985 


970225 


955671625 


31*3847097 


9*9497479 


OU1016328 


986 


972196 


95S585256 


31*4006369 


9*9531188 


001014199 


987 


974169 


961504803 


31*4165561 


9*9564775 


001013171 


968 


976144 


964430272 


31-4324673 


9*9598389 


001012146 


989 


{)78121 


967361669 


31*4483704 


9-9631981 


001011122 


990 


980100 


970299000 


81-4642654 


9*9665549 


001010101 


991 


982081 


973242271 


81-4801525 


9-9699055 


001009082 


992 


984064 


976191488 


31*4960315 


9*9732619 


001008065 


993 


986049 


979146657 


31*5119025 


9 9766120 


001007049 


994 


988036 


982107784 


31-5277655 


9 9799599 


001006036 


995 


990025 


985074875 


31-5430206 


9*9833055 


001005025 


996 


992016 


988047936 


31 -5094677 


9 -OS-JO 488 


001004016 


997 


994009 


991026973 


31*5753068 


9-9«99900 


001008009 


998 


996004 


994011992 


3r 591 1380 


9-9933289 


001002004 


999 


998001 


997002999 


31-6059613 


9-9906656 


001001001 


1000 


1000000 


1000000000 


31 6227766 


10 0000000 


OOIOOOOOO 


1001 


1002001 


1003003001 


31 6385840 


10 0033222 


0009990010 


1002 


1004004 


1006012008 


31 6543866 


10*0006622 


0009980040 


1003 


1006009 


1009027027 


31*6701752 


10 0099899 


0009970090 


1004 


1008016 


1012048064 


31-6859590 


10 0133155 


0009960159 


1*05 


1010025 


1015075125 


31*7017349 


10 0166389 


0009950249 


1006 


1012036 


101810S;J16 


31 7175030 


10*0199601 


0009940358 


1007 


1014049 


1021147343 


31-7332633 


10 0232791 


0009930487 


1008 


1016064 


1024192512 


31*7490157 


10 0260958 


000b920635 


1009 


1018081 


1027243729 


31 7647603 


10*0299104 


0009910808 


1010 


1020100 


1030301000 


31-7804972 


10*0332228 


0009900990 


1011 


1022121 


1033364331 


31*7962262 


10*0365330 


0009891197 


1012 


1024144 


1036433728 


81 8119474 


10-0398410 


0009881428 


1013 


1026169 


1039509197 


81*8276009 


10 04.1469 


0009871668 


1014 


l(i28196 


1042590744 


31*8433666 


10 0464506 


0009861938 


1015 


1030225 


1045678375 


81*8590646 


10 0497521 


0009853217 


1016 


1032256 


1048772096 


81 -8747549 


10*0530514 


0009843530 


1017 


1034289 


1051871918 


31*8904374 


10-0563485 


0009883843 


1018 


1036324 


1054977832 


31-9061123 


10*0596435 


0009838188 


2019 


1036361 


1058089859 


SI 9217794 


10*0629364 


0009818548 
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Kuaben. 


Square*, 


Cubes. 


Square Boots. 


Cube Roots. 


Beclprocals. 


1020 


1040400 ] 


L061208000 


31*9374388 ] 


100662271 


•0009808922 


1021 


1042441 ] 


L064332261 


31*9530906 ] 


10-0695156 


•0009794819 


1023 


1044484 ] 


1067462648 


31-9687347 ] 


10 0728020 


•0009784786 


1023 


1046529 ] 


L070599167 


31-9843712 1 


10 0760868 


•0WI9775171 


1024 


1048576 ] 


1073741824 


82 0000000 ] 


LO- 0793684 


•0009765635 


1025 


1050625 ] 


1076890625 


82-0156212 ] 


10 0826484 


•0009756098 


1020 


1052676 ] 


L080045576 


32-0312348 ] 


LO- 0859263 


-0009746589 


1027 


1054729 ] 


1083206683 


32-0468407 ] 


LO- 0892019 


*0009737098 


1028 


1056784 ] 


L086373952 


32-0624391 ] 


LO 0924755 


-0009727626 


1029 


1058R41 ] 


L089547389 


32 0780298 ] 


Li)*0957469 


-0009718178 


1030 


1060900 1 


1092727000 


32-0936131 1 


LO 0990168 


•0009708738 


1031 


1002061 j 


1095912791 


32-1091887 ] 


10-1022839 


•0009699821 


1032 


1065024 ] 


1099104768 


32-1247568 ] 


LO- 1055487 


•0009689922 


1038 


1067089 ] 


L10;«302937 


32-1403173 ] 


LO 1088117 


•0009680542 


1034 


1069156 ] 


1105507304 


32-1558704 1 


LO- 1120726 


•0009671180 


1035 


1071225 ] 


1108717875 


82- 1714169 ] 


LO- 1153314 


•0009661836 


1036 


1078296 : 


1111934656 


32 1869589 ] 


10-1185883 


•0009652510 


1037 


1075369 ] 


LI 15157653 


82*2024844 1 


10 1218428 


•0009043202 


1038 


1077444 ] 


L118386872 


32*2180074 ] 


LO- 1250953 


•0009633911 


1039 


1079521 ] 


L121622319 


32-2335229 ] 


L0-128:M67 


•0009624689 


1(140 


1081600 ] 


[124864000 


82*2490310 ] 


10- 1315941 


•0009615385 


ioa 


1083681 ] 


1128111921 


32*2645316 1 


LO- 1348403 


•0009606148 


1042 


1085764 ] 


1131366088 


82-2800248 


LO- 1380845 


•0009596929 


1043 


1087849 ] 


1134626507 


82*2955105 ] 


LO- 1413266 


•0009587788 


1044 


1089936 ] 


1137893184 


32*3109888 


LO- 1445667 


•0009578544 


1045 


1092025 ] 


1141166125 


32-3264598 


LO- 1478047 


•0009569878 


1046 


1094116 ] 


1144445336 


32 3419233 


LO-1510406 


•0009560229 


1047 


1096209 ] 


L147730823 


82*3573794 


LO 1542744 


•0009551096 


1048 


1098304 ] 


1151022592 


32-3728281 


10-1575062 


•0009541985 


1049 


1100401 ] 


1154320649 


82-3882695 


10-1607359 


•0009532888 


1050 


1102500 1 


1157625000 


82*4037035 


10-1639636 


-0009523810 


1051 


1104601 ] 


1160935651 


32-4191301 


10-1671893 


•0009514748 


1052 


1106704 ] 


11642526C8 


32 4345495 


10-1704129 


•0009505708 


1058 


1108809 ] 


1167575877 


32-4499615 


10- 1736344 


•0009496676 


1054 


1110916 ] 


L1709''5464 


32-4653662 


10-1768539 


-0009487666 


1055 


1113125 ] 


1174241375 


32-4807635 


LO- 18007 14 


-0009478678 


1056 


1115136 J 


1177583616 


32-4961536 


10U832868 


•0009469697 


1057 


1117249 J 


L 180932193 


32-5115364 


10-1865002 


•0009460788 


1058 


1119364 J 


1184287112 


32-5269119 


10 -18971 If 


•0009451796 


1059 


1121481 ] 


1187648379 


32-5422802 


10-1929209 


-0009442871 


1060 


1123600 ] 


1191016000 


32*5576412 


LO- 1961*^83 


•0009433962 


1061 


1125721 ] 


L194389981 


32-5729949 ] 


10-1993336 


•0009425071 


1062 


1127844 1 


L197770328 


32-5883415 : 


LO 2025369 


•0009416196 


1063 


1129969 : 


1201157047 


32*6035807 ] 


LO-2057382 


•0009407888 


1064 


1132096 1 


[204550144 


32-6190129 1 


LO- 2089375 


•0009398496 


1065 


1134225 ] 


L207949625 


32-6343377 1 


10 2121347 


•0009389671 


1066 


1136356 ] 


1211355496 


32-6496554 1 


LO 2153300 


-0009380863 


1067 


1138489 ] 


1214767763 


32-6649659 ] 


LO' 2185233 


•0009372071 


1068 


1140624 ] 


L218186432 


82-6802693 ] 


10-2217146 


•0009363296 


1069 


1142761 ] 


1221611509 


32*6955654 1 


10-2249039 


•0009354537 


1070 


1144900 ] 


122504S000 


32*7108544 ] 


10-2280912 


•0009345794 


1071 


1147041 ] 


1228480911 


32-7261363 ] 


LO-2312766 


•0009337068 


1072 


1149184 ] 


1231925248 


32-7414111 ] 


LO- 2344599 


•0009328858 


1073 


1151329 ] 


1235376017 


32*7566787 ] 


LO-2376413 


•0009319664 


1074 


1153476 J 


1238833224 


32 7719392 1 


LO- 2408207 


•0009310987 


1075 


1155625 ] 


1242296875 


32 7871926 ] 


LO 2439981 


-0009302336 


1076 


1157776 ] 


1245766976 


32*8024398 ] 


LO 2471735 


-0009298680 


1077 


1159929 1 


1249^3533 


32-8176782 ] 


10-2503470 


•0009285051 


1078 


1162084 ] 


1252726552 


32-8329103 ] 


L0-25S5186 


•0009276438 


1079 


1164241 ] 


1256216039 


32-8481354 1 


LO- 2566881 


•0009267841 


1080 


1166400 ] 


L259712000 


32-8633535 ] 


LO- 2598557 


•0009259259 


1081 


1168561 ] 


L 203214441 


32-8785644 ] 


LO- 263021 3 


•0009250694 


1082 


1170724 ] 


.266723368 


32-8937684 1 


LO- 2661850 


•0009242144 


1068 


1172R89 ] 


1270238787 


32-0089653 ] 


LO 2693467 


•0009233(»10 
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rumbera 


BquarM. 


Cubes. 


Square Boou. 


Cube Roots. 


B«ciprocals» 


1081 


1175056 


1273760704 


32-9241558 


W2726065 


•0009225092 


1085 


L177225 


1277289125 


32 -9393382 


10*2756644 


0009216910 


1086 


L179396 


1280824056 


32-9545141 


10*2788203 


•0009206108 


1087 


1181569 


1284865503 


32-9696830 


10*2819743 


-0000199682 


1U88 


1183744 


1287913472 


32*9848450 


10*2851264 


0009101176 


1089 


L 185921 


1291467969 


38 OUOOOUO 


10*2882769 


0000182796 


1090 


L188100 


1295029000 


33-0151480 


10*2914247 


0000174812 


1091 


L190281 


1298596571 


33 0302891 


10*2945709 


-0009l669(a 


1002 


1192464 


1302170688 


83-0454233 


10*2977158 


0009197909 


1093 


L194649 


1305751357 


33-0605505 


10*3008577 


0000140181 


1094 


L196836 


13U9338584 


33*0756708 


10*3039983 


-0000140768 


1095 


1199025 


1312932375 


33 0907842 


10*8071368 


•00O918M10 


1096 


L201216 


1316532736 


33 -1058907 


10*8102735 


-00001240U8 


1097 


1203409 


132U139673 


33 1-209903 


10*3134088 


>0OO0119770 


1098 


L2056U4 


1328753192 


33*1360830 


10*3165411 


0000107408 


1099 


L207801 


1327373299 


33*1511689 


10*3196721 


•0000009101 


1100 


1210000 


1331000000 


88*1662479 


10*3228012 


-00090909V9 


1101 


1212201 


1334B333U1 


83' 1813200 


10*3259284 


•0009082652 


1102 


1214404 


1338273208 


33 1963853 


10-8290537 


•000907441» 


1103 


L216609 


1341919727 


33 2114438 


10*3821770 


0009006183 


1104 


121»U16 


1345572864 


33 2266955 


10*8852989 


0009097971 


1105 


1221025 


1349232625 


33-2415403 


10-8884181 


0009049774 


1106 


1223236 


1352899016 


33-2565783 


10*3415i58 


0009041991 


1107 


1225449 


1356572043 


33*2716095 


10*8446517 


0009088424 


1108 


1227664 


1360251712 


33-2866339 


10*8477657 


0009025271 


1109 


1229881 


1363938029 


33 3016516 


10-3508778 


0009017188 


1110 


1232100 


1367631000 


33 3166625 


10*8539880 


00090090u» 


nil 


1234321 


1371330631 


33-3316666 


10-8570964 


0009000900 


1112 


1236544 


1375036928 


83-3466640 


10-860*2029 


-0008993806 


1113 


1238769 


1378749897 


33 3016546 


10*8633076 


0008984728 


1114 


1240996 


1382469344 


33*3766385 


10*3664103 


0008976661 


1115 


1243225 


1386195875 


83*3916157 


10*8695113 


0008968616 


1116 


1245456 


1389928896 


33 4065862 


10'87;j6l03 


0008960758 


1117 


1247689 


1393668613 


33-4215499 


10-3757076 


0008998991 


1118 ] 


1249924 


139741dU32 


33-4365070 


10*8780030 


0008044944 


1119 


1252161 


1401168159 


33-4514573 


10-3818965 


0008086990 


1120 


1254400 


1404928000 


33 4664011 


10*8849882 


0008028971 


1121 


1256641 


1408694561 


33*4813381 


10*3880781 


000809(1607 


1122 


1258884 


1412467848 


33-4962684 


10*3911661 


0008012696 


1128 


1261129 


1416247867 


33-5111921 


10-3942527 


0008904738 


1124 i 


1263376 


1420034624 


33-5261092 


10-8973366 


0008806797 


1125 


1265625 


1423828125 


33-5410196 


10*4004192 


0008888880 


1126 


12678<6 


1427628376 


33*5559234 


10*4034999 


0008880985 


1127 


mauM 


1431435383 


33-5708206 


10*4065787 


0008878114 


1128 


1272384 


1435249152 


33 5857112 


10*4096557 


0008869348 


1129 


1274641 


1439069689 


83-6005952 


10*4127310 


0008857896 


1130 


1276900 


1442097000 


33 6154726 


10-4158044 


0008840558 


1131 


1279161 


1446731091 


38-6803434 


10-4188760 


0008841788 


1132 


1281424 


1450571968 


33 6452077 


10*4219458 


-0008838933 


1133 


1283689 


1454419637 


33-6600653 


10*4250188 


•0008826129 


1134 


1285956 


1458274104 


33-6749165 


10-4280800 


•00088188ii 


1135 


1288225 


1462135375 


83*6897610 


10-4311443 


>000861ft>78 


1186 


1290496 


1466003456 


33*7045991 


10-4342069 


O0U88O1817 


1137 


1292769 


1469878353 


33-7174306 


10-4872677 


>0008795079 


1138 


1295044 


14737»)U072 


33-7340556 


10 4403677 


>000b7878«6 


1139 


1297321 


1477648619 


33-7490741 


10*4433839 


•0008779681 


1 140 


1299600 


1481544000 


33*7638860 


10*4464393 


0008771985 


1141 


1301881 


1485446221 


33-7786915 


10*4494929 


0008764313 


1142 


1304164 


1489355288 


33-7934905 


10-4525448 


0008796967 


1143 


1306449 


1493271207 


33*8082830 


10*4555948 


-0008748605 


1144 


1308736 


1497193984 


33-8230691 


10*4586431 


•0008741315 


1145 


1311025 


1501123625 


33-8378486 


10*4616896 


•0008788034 


21*0 


1813316 


1505060136 


33 8526218 


10*4647348 


•0008726055 


114T J 


816609 


1M900352S 


83*8678884 


10*4677778 


•00O8718555 
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ilumbtn. 

114S 
1149 
1150 
1151 
1162 
1153 
1154 
1156 
1166 
1167 
1168 
1169 
1160 
1161 
1162 
1166 
1164 
1166 
1166 
1)67 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1170 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1194 
1196 
1196 
1197 
1196 
1199 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 



84«>rw. 


OubM. 


Squire Roots* 


CubeBoota. 


Redprocata. 


1317904 


1612953792 


38-8821487 


10*4708158 


0108710801 


1820201 


1516910940 


33*8969025 


10*4738679 


■0008708220 


1822500 


1520875000 


83'9116«99 


10-4768955 


* 0008696652 


1824801 


1624845951 


88 9263909 


10-4799314 


* 0008688097 


1827104 


1628823808 


33 9411255 


10*4829666 


* 0008680656 


1329409 


1632808577 


33 '9558537 


10-4869980 


0008678027 


1881716 


1636800264 


33 -9705756 


10'489U286 


*0008665611 


1331025 


1640708875 


33 -9852910 


10-4920575 


-11008658009 


1336386 


1644804416 


340000000 


10-4950847 


-0008650519 


1338649 


1548816893 


84 0147027 


10-4981101 


-0008018042 


1340964 


1652836312 


34-0293990 


10 5011337 


•0O(>8636679 


1343281 


1556862679 


34 0440890 


10*5041556 


-0008628128 


1345600 


1560896000 


34 0587727 


10-5071767 


'0008620390 


1347921 


1564936281 


34'U734501 


10-5101942 


•0008618244 


1350244 


1668983528 


340881211 


10-5132109 


-0008605362 


1352569 


1673037747 


34-1027858 


10 '5162259 


'0U08598452 


1354890 


1577098944 


341174442 


10-5192391 


•0008591065 


1357226 


1581167125 


34- 1320963 


10-5222506 


'OO08588691 


1359566 


1685242296 


34' 1467422 


10-5252604 


•0008576829 


1361889 


1589324463 


84*1613817 


10 5282686 


•0008568980 


1364224 


1593418632 


84 -1760150 


10-5312749 


* 0008561644 


1866561 


1597509809 


34-1906420 


10-5342795 


-0008554320 


1368900 


1601H13000 


84-2062627 


10-5372825 


•0008547009 


1371241 


1605723211 


34-2198778 


10 '5402837 


*0008639710 


1873584 


1609840448 


34-2344855 


10 5432882 


•0008582423 


1375929 


1613964717 


34-2490875 


10 5462810 


'0008525149 


1378276 


1618096024 


34-2636884 


10*5492771 


-0008517888 


1380625 


1622234375 


34*2782730 


10-5522715 


•0008510638 


1382976 


1626379776 


34-2928564 


10*6552642 


•0008503401 


1385329 


163 •532233 


34 3074386 


10-5582552 


•0008496177 


1387K84 


1634691752 


34 '8220046 


10-5612446 


•00084889S4 


1390041 


163S858339 


34*3365694 


10*5642322 


'0008481764 


1392400 


1643032000 


34-3511281 


10*5672131 


-0008471576 


1394761 


1647212741 


34*3656805 


10*5702024 


-0008467401 


1397124 


1651400568 


34-8802268 


10 '5731849 


'0008460237 


1399489 


1655595487 


34 -3947670 


10*5761658 


•0008453085 


1401856 


1659797504 


34 '4093011 


10*5791449 


'0008445946 


1404225 


1664006625 


34-4238289 


10*58212^ 


•0008438819 


1406596 


1608222856 


34-4383507 


10*5850983 


•0008431708 


1408969 


1672446203 


34-4528663 


10*5880725 


-0008424600 


1411344 


1676676672 


34-4673759 


10 5910450 


-0008417508 


1413721 


1680914269 


84-4818793 


10*5940158 


-0008410429 


1416100 


1685159000 


34-4963766 


10*5969850 


-0008403361 


1418481 


1689410871 


84-51086-8 


10*5999525 


•0008396306 


1420864 


1693669888 


34-5253530 


10 '6029184 


*0008389282 


1423249 


1697936057 


84-5398321 


10-6058826 


-0008382320 


1425636 


1702209384 


34-5543051 


10'()088451 


•0008375209 


1428025 


1706489875 


34*5687720 


10 6118060 


•0008368201 


1430416 


1710777586 


34*5832329 


10-6147652 


-0008361204 


1432809 


1715072378 


34-5976879 


10-6177228 


-0008354219 


1435204 


1719374392 


34*6121366 


10 6206788 


•0008347245 


1437601 


I7236H3599 


34*6265794 


10-6236331 


•0008340284 


1440000 


1728u(K;000 


34 6410162 


10-6265857 


•0008333333 


1442401 


1782323601 


34*6554469 


10*6295367 


•0OOH326895 


1444804 


1736654408 


34*6698716 


10-6324860 


•0008319468 


1447209 


1740992427 


34*6842904 


10*6354338 


•0008312552 


1449616 


1745337664 


34*6987031 


10*6383799 


•000H305648 


1452025 


1749690125 


34'7181099 


10 '6413244 


•0008298755 


1454436 


1754049816 


84«7275107 


10*6442672 


•0008291874 


1456849 


1758416743 


34*7419055 


10-6472085 


•0008285004 


1459264 


1762790912 


34*7562944 


10*6501480 


•00(»8278146 


1461681 


1767172329 


84-7706773 


10-6580860 


•0008271299 


1464100 


1771561000 


84-7850543 


10*6560223 


•0008264463 


1466521 


1776956981 


84-7994268 


10*6589570 


-0008257688 
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2(umben 


. Square*. 


Cube*. 


Square Kooto. 


Cube Boots. 


B«eljiro<!iU 


1212 


1468944 


1780360128 


84-8137904 


10*6618902 


* 0008860625 


1218 


1471369 


1784770597 


84-8281495 


10-6648217 


* 0008244023 


1214 


1473796 


1789188344 


84-8425028 


10-6677516 


•0008387232 


1216 


1476225 


1793613375 


84-8568501 


10*6706799 


*0O08)»80453 


1216 


1478656 


1798U45696 


84-8711915 


10*6786006 


•0008221684 


1217 


1481089 


1802485313 


84 8855271 


10-6765817 


•00O821<»27 


1218 


1483524 


1806932282 


34-8998567 


10*6794552 


*000821U181 


1219 


1485961 


181 1386439 


84-9141805 


10-6823771 


* 0008208445 


1220 


1488400 


1815648000 


34-9284984 


10*6852978 


-0008198721 


1221 


1490841 


1820316861 


34-9428104 


10-6882160 


•0008190008 


1222 


1493284 


1824793048 


34*9571166 


10-6911381 


*OOO8188S06 


1223 


1495729 


1829276567 


34*9714169 


10*6940486 


* 0008176615 


12^ 


1498176 


1633767424 


34-9857114 


10 6969625 


•0008169985 


1225 


1500625 


1838265625 


35-0000000 


10-6998748 


* 000616326ft 


1226 


1503076 


1842771176 


85-0142828 


10-7027855 


•0008156607 


1227 


1505529 


1847284083 


85-0285598 


10*7056947 


'0008149059 


1228 


1507984 


1851804352 


35-0428309 


10*7086028 


•0008148822 


1229 


1510441 


1856331989 


35-0570963 


10*7115088 


* 0008186696 


1230 


1512900 


1860867000 


35*0713558 


10*7144127 


•0008180081 


1231 


1515361 


1865409391 


35*0856096 


10*7178155 


0008128477 


1232 


1517024 


1869959168 


35*0998575 


10*7202168 


0008116883 


1233 


1520289 


1874516337 


35-1140997 


10 7231165 


OOO8U0800 


1234 


152;i756 


18/9080904 


35*1283361 


10-7260146 


■0008108728 


1235 


1525225 


1883652875 


35-1425568 


10-7289112 


0008097166 


1236 


1527696 


1888232256 


85*1567917 


10 7318062 


0008090615 


1237 


1530169 


1892819053 


35-1710108 


10-7846997 


0008084074 


1238 


1532644 


1897413272 


35-1852242 


10*7875916 


0008077544 


1239 


1535121 


1902014919 


35 1994318 


10*7404819 


0008071025 


1240 


1537600 


1906624000 


35-2136387 


10-7438707 


0008064516 


1241 


1540081 


1911240521 


35-2278299 


10*7462579 


0008058618 


1242 


1542564 


1915864488 


35*2420204 


10-74U1486 


0008051580 


1243 


1546049 


1920495907 


35-2562051 


10-7520277 


0008045052 


1244 


1547536 


1925134784 


35-2703842 


10*7549108 


0008088565 


1245 


1550U25 


1929781125 


85-2845575 


10-7577918 


0008082129 


1246 


1552516 


1934434936 


35*2987252 


10-7606708 


0008025683 


1247 


1555009 


1939096223 


35-3128872 


10-7635488 


0008019246 


1248 


1557504 


1943764992 


35*3270435 


10*7664252 


0008012821 


1249 


1560001 


1948441249 


35 -3411941 


10-7693001 


00O8O064U5 


1250 


L562500 


1953125000 


35-3553391 


10-7721785 


0008000000 


1251 


1565001 


1957816251 


35-3694784 


10*7750453 


0007998605 


1252 


1567504 


1962515008 


35-8836120 


10*7779156 


0007987220 


1253 


1570009 


1967221277 


35-3977400 


10-7807848 


0007980646 


1254 


1572516 


1971935064 


85-4118624 


10-7836516 


0007974482 


1255 


1575025 


1976656375 


85-4259792 


10-7865173 


0007968127 


1256 


1577536 


1981385216 


35-4400903 


10*7893815 


0007961783 


1257 


1580049 


1986121593 


85*4541958 


10*7922441 


0007955449 


1258 


1582564 


1990865512 


85-4682957 


10*7951058 


0007949126 


1259 


1585081 


1995616979 


85*4823900 


10-7979649 


0007942812 


1250 


1587600 


2000376000 


35-4964787 


10*8008280 


0007986506 


1261 


1590121 


2055142581 


35 5105618 


10*8036797 


00O798O214 


1262 


1592644 


2009916728 


85-5246398 


10*8065348 


0007928980 


1263 


1595166 


2014698449 


85-5887113 


10*8093884 


0007917656 


1264 


1597696 


2019487744 


85 5527777 


10*8122404 *l 


0007911892 


1265 


1600225 


2024284625 


85-5668385 


10*8150909 *l 


D007900188 


1266 


1602756 


2029089096 


35*5808937 


10*8179400 '1 


0007898894 


1267 


1605289 


2033901163 


85-5949484 


10 8207876 *l 


0007892680 


1268 


1607824 


2038720832 


85-6089876 


10*6236886 *l 


D00788M86 


1269 


1610361 


2043548109 


85-6230262 


10 8264782 '1 


D007880221 


1270 


1612900 


2048383000 


85 6370593 


10*8293213 '1 


0007874016 


1271 


1615441 


2053225511 


85-6510869 


10-8321629 *l 


0007867821 


1272 


1617984 


2058075648 


85-6651090 


10*8850080 -1 


0007861635 


1273 


1620529 


2062933417 


85-6791255 


10-8878416 *l 


0007855460 


1274 


1623076 


2067798824 


35 -6931366 « 


10 8406788 *l 


0007849294 


1-275 


1626626 


2072671875 


35-7071421 


10-8435144 


0007648137 
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Kumber*. Bquarea. 


Cubes. 


Square KooU. 


CubeRoott. 


Reciprocals. 


1276 


1628176 


2077552576 


85*7211422 


10-8463485 


•0007836991 


1277 


1630729 


2082440933 


85- 7351867 


10 8491812 


•0007830854 


1278 


1633284 


2087336952 


35*7491258 


10 852U125 


•0007824726 


1279 


1635811 


2092240639 


85-7631095 


10-8548422 


•0007818608 


1280 


1638400 


2097 152000 


85-7770876 


10-8576704 


•0007812500 


1281 


1640^1 


2102071041 


85-7910603 


10-8604972 


-0007806401 


1282 


1643524 


2106997768 


35-8050276 


10-8633225 


•0007800312 


1288 


1646089 


2111932187 


35-8189894 


10-8661454 


•0007794232 


1284 


1648656 


2116874304 


85-8329457 


10-8689687 


0007788162 


1285 


1651225 


2121824125 


35-8468966 


10-8717897 


•0007782101 


1286 


1653796 


2126781656 


35-8608421 


10-8746091 


•0007776050 


1287 


1656369 


2131746903 


35 8747822 


10 8774271 


•0007770008 


1288 


1658914 


2136719872 


85 8887169 


10-8802436 


-0007768975 


1289 


1661521 


2141700569 


35-9026461 


10-8830587 


•0007757952 


1290 


1664100 


2146689000 ' 


35 9165699 


10-8858723 


•0007761938 


1291 


1666681 


2151685171 


35 9804884 


10 -8886845 


•0007745933 


1292 


1669264 


2156689088 


35*9444015 


10 -8914952 


•0007739938 


1293 


1671849 


2161700757 


35-9583092 


10-8943044 


•0007733952 


1294 


1674436 


2166720184 


35 9722115 


10-8971123 


•0007727975 


1295 


1677025 


2171747875 


35-9861084 


10-8999186 


•0007722008 


1296 


1679616 


2176782836 


360000000 


10-9027235 


•0007716049 


1297 


1682209 


2181825078 


36 0138862 


10-9055269 


•0007710100 


1298 


1684804 


2186875592 


36 0277671 


10-9083290 


•0007704160 


1299 


1687401 


2191933899 


36 0416426 


10-9111296 


•0007698229 


1800 


1690000 


2197000U00 


36 0555128 


10-9139287 


•0007692808 


1801 


1692601 


2202073901 


36 -0693776 


10-9167265 


•0007686396 


1802 


1695204 


2207155608 


86*0832371 


10-9195228 


•0007680492 


1803 


1697809 


2212245127 


36-0970913 


10 9228177 


•0007674579 


1804 


1700416 


2217342464 


36*1109402 


10 9251111 


•0007668712 


1805 


1703025 


2222447625 


88- 1-47837 


10-9279031 


■0007662835 


1306 


1705636 


2227560616 


36 1386220 


10 9306987 


-0007656968 


1807 


1708249 


2232681443 


86-1524550 


10-9334829 


0007651109 


1808 


1710864 


2237810112 


36 1662826 


10*9362706 


■0007646260 


1809 


1713481 


2242946629 


86-1801050 


10 9390569 


0007639419 


1810 


1716100 


2248091000 


86*1939221 


10-9418418 


0007638588 


1811 


1718721 


2253243281 


86'2077S40 


10-9446253 


0007627765 


1312 


1721344 


2258403328 


S6'22154^<6 


10-9475074 


0007621951 


1813 


- 1723969 


2263571297 


36-2358419 


10 9501880 


0007616446 


1314 


1726506 


2268747144 


36*2491379 


10-952;.673 


0007610350 


1816 


1729225 


2273930875 


86*2626287 


10 9557451 


00076t4563 


1816 


1731856 


2279122496 


36-2767143 


10-9585215 


0007598784 


1817 


1734489 


2284322013 


86-2904246 


10-9612965 


0007593014 


1818 


1737124 


2289529432 


86-3042697 


10 9640701 


0007587253 


1819 


1789761 


2294744759 


36-8180396 


10-9668428 


0007581501 


1820 


1742400 


2299968000 


86-3318042 


10 9696131 


0007576758 


1321 


1745041 


2305199161 


36 '3455637 


10-9723825 


0007570028 


1822 


1747684 


2310438248 


36-8598179 


10 9751606 


0007564297 


1823 


1750329 


2315685267 


36-3780670 


10-9779171 


0007558579 


1824 


1752976 


2320940224 


36*3868108 


10-9806823 


0007562870 


1825 


1755625 


2326203125 


36*4005494 


10-9834462 


0007547170 


1826 


1758276 


2331473976 


36 4142829 


10-9862086 


0007541478 


1827 


1760929 


2336752783 


36-4280112 


10 9889696 


0007585796 


1828 


1763584 


2342039552 


36-4417343 


10 9917293 


0007530120 


1329 


17602(1 


2347334289 


36 4554523 


10-9944876 


0007624451 


1330 


1768900 


2352637000 


36-4691650 


10-9972445 


0007618797 


1831 


• 1771561 


2357947691 


36-4828727 


n-ooo<jooo 


0007513148 


1332 


1774224 


2368266368 


36-4965752 


11-0027641 


0007607508 


1333 


1776889 


2368593037 


36-5102725 


11 0055069 


0007501875 


1334 


1779556 


2373927704 


36-5239647 


11-0082583 


0007496252 


1335 


1782225 


2379270375 


36-5376518 


11-0110082 


0007490637 


1336 


' 1784896 


2384621056 


36-5518388 


110137569 


0007485030 


1387 


1787569 


2389979753 


36-5650106 


11 0165041 


0007479432 


1338 


1790214 


2395346472 


36-5786823 


11-0192500 


0007473842 


1339 


1792921 


2400721219 


86*5923489 


11-0219946 


0007468260 
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Hnmben. 


Squares. 


Cubes. 


Square Boots. 


Cube Roots. 


Beciprooila 


1940 


1795600 


2406104C00 


86*6060104 


11-0247877 


-01107462687 


mi 


1798281 


2411494821 


86-6196668 


11-0274795 


•0007467122 


IS42 


1800964 


2416893688 


86 •6333181 


11-0302109 


-0007461565 


1S48 


180i649 


2422300607 


86 6469144 


11 0329600 


•000744)6016 


1344 


180'i836 


2427715584 


86*6606056 


ir 0356967 


•0007440476 


1S45 


1809085 


2433138625 


86*6742416 


11-0884880 


'Ou074M944 


1S46 


1811716 


M38569786 


86*6878726 


11-0411680 


-0007429421 


1847 


1814409 


2444008023 


86*7014986 


11*0439017 


-0007428905 


ISIS 


1817104 


2449456(92 


86-7151195 


11 0466339 


0007418898 


1349 


1819801 


2454911549 


86*7287358 


11 0493649 


•0007412898 


1850 


1822800 


2460375000 


86-7423461 


11*0520945 


-0007407407 


1851 


1825201 


2465846551 


86*7559519 


11 0548227 


•0007401984 


1352 


1827904 


2471326208 


86-7695526 


11 -0575497 


•000789645€ 


1858 


1830609 


2476813077 


86-7831488 


11 0602752 


•0007880983 


1354 


1833816 


24823U9664 


86*7967390 


110629094 


00073866-24 


1355 


1836025 


2487813875 


86*8103246 


110657222 


0007380074 


1356 


1838736 


2493326016 


86 8239053 


11 0684437 


0007374631 


1857 


1841449 


2498846898 


86*8374809 


11*0711689 


0007369197 


1358 


1844164 


2504374712 


86*8510515 


11*0738828 


0007368770 


1359 


1846881 


2509911279 


86*8646172 


11-0766008 


0007368352 


1360 


1849600 


2515456000 


86*8781778 


11-0793165 


0007352941 


1861 


1852321 


2521008881 


86-8917835 


11*0820314 


0007847639 


1362 


1855044 


2526569928 


86-9052842 


11-0847449 


0007342144 


1863 


1857769 


2532139147 


86-9188299 


11-0874571 


0007881767 


1864 


1860496 


2537716544 


86*9323706 


11 0901670 


0007331878 


1365 


1863223 


2543302125 


86-9459064 


11-0928775 


0007326007 


1366 


1865956 


8548895896 


86-9594872 


11 09*5857 


0007320644 


1367 


1868689 


2554497868 


86-9729631 


11 -0982926 


0007816289 


1868 


1871424 


256U108082 


86*9864840 


11-1009982 


0007309942 


1369 


1874161 


2565726409 


87 0000000 


11-1037025 


O<>07304608 


1370 


1876900 


2571353000 


87-0135110 


11-1064064 


UOO7299270 


1371 


1879641 


2576987811 


87-0270172 


11 1091070 


0007298946 


1872 


1882384 


2582630848 


87 0405184 


11 1118078 


0007288630 


1373 


1885129 


2588282117 


87 -0540146 


11- 1145064 


0007288321 


1374 


1887876 


2593941684 


87*0675060 


11-1172041 


0007278029 


1373 


1890623 


2599609375 


87*0899924 


111199004 


0007272727 


1376 


1893376 


2605285876 


87 0944740 


11-1225966 


0007267442 


1377 


1896129 


2610969688 


87-1079506 


11 1252898 


0007268164 


1378 


1898884 


2616662152 


87-1214224 


11*1279817 


0007266894 


1379 


1901641 


2622362989 


87-1348898 


11 1306729 


0007261632 


1380 


1904400 


2628072000 


87 1463512 


11 1333628 


0007246377 


1381 


1907161 


2633789341 


87-1618084 


11-1360614 


OOO7241180 


1382 


1909924 


2639514968 


87 1752606 


11 1387386 


0007286890 


13K3 


1912689 


2645248887 


87-1887079 


11 1414246 


0007280658 


1384 


19I54S6 


2650991104 


87-2021505 


11 1441098 


0007226434 


1385 


1918225 


2656741625 


87 2155881 


11- 1467026 


0007220217 


1386 


1920996 


2662500456 


37*2290209 


11*1494747 


0007216007 


1387 


1923769 


2668267608 


87-2424489 


11-1521566 


0007200805 


138i 


1926544 


2674043072 


87 2558720 


iri54H860 


0007204611 


1389 


1929821 


2679826869 


87 2692908 


11*1575188 


0007190424 


1390 


1932100 


2685619000 


87*2827037 


11 1601908 


0007194245 


1191 


1H34881 


2691419471 


87*2961124 


11*1628669 


0007180078 


1392 


1937664 


2697228288 


87-3095162 


11 -1655403 


0007188906 


1393 


1940449 


2703045457 


87 8229152 


11*1682134 


0007176751 


1394 


1943236 


8708870984 


87-3363094 


11*1708862 


0007173601 


1395 


1946025 


2714704875 


87-8496988 


11- 1735568 


0007168469 


1393 


1948816 


2720547136 


87-3630884 


11*1762260 


0007163324 


1397 


1951609 


2726397773 


87 3764632 


11 1788980 


•0007158196 


13f)8 


1954404 


2732256792 


87 3898882 


11* 1815598 


0007153076 


M<)9 


1957201 


2738124199 


87 4032084 


11 1842262 


•0007147963 


14()0 


19600 K) 


2744000000 


87*4165738 


11*1868894 


-0007142857 


1401 


1962601 


2749884201 


87 4299345 


11-1895623 


•0007137759 


2402 


1965604 


2755776808 


87 -4432904 


11-1922189 


•0007182668 


i-tos 


19G8409 


2761677827 


S7 -4566416 


U- 1948748 


•0007187584 
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amben 


!• Squares. 


OubM. 


ftqaare Bo<rtt. 


Cube Roots. 


ReeiprocaU. 


1404 


1971316 


2767587264 


87-4699880 


11-1975384 


•0007L22507 


1405 


1974025 


2773505125 


87 4833296 


11-2001913 


•0007117488 


1408 


1976836 


277U431416 


87-4966665 


11-2028479 


•0007112376 


1407 


1979649 


2785366143 


87 5099987 


11-2055082 


•0007107321 


1408 


.1982464 


279.309312 


87-5233261 


11-2081578 


•0007102278 


1409 


1985281 


2797260929 


87 5366M7 


11*2106101 


•0007007232 


1410 


1988.00 


2803221000 


87-5499667 


11-2134617 


•0007002109 


1411 


1990921 


2809189581 


87-5632799 


11*2161120 


•0007087172 


1412 


1993744 


2815166528 


87 5765885 


11-2187611 


•0007082153 


1418 


1996569 


2821151997 


87-5898922 


11-2214069 


•0007077141 


1414 


1999396 


2827145944 


87-6031918 


11-2240054 


•0007072186 


1415 


2002225 


2833148375 


37-6164857 


11-2267007 


•0007067138 


1416 


2005056 


2839159296 


87-6297754 


11*2293448 


•0007062147 


1417 


2007889 


284}178718 


87 -6430604 


11-2319876 


•0007057168 


1418 


2010724 


2851206632 


87-6568407 


11-2346292 


•0007052186 


1419 


2013561 


2857243059 


87-6696164 


11*2372696 


•0007047216 


1420 


2016400 


2863288000 


87-6828874 


11-2399087 


* 0007042254 


1421 


2019241 


2869341461 


87 -6961536 


11-2425465 


* 0007087298 


1422 


2022084 


2875403448 


87-7094158 


11 2451831 


* 0007082349 


1423 


- 2 '24929 


2881473967 


87-7226722 


11*2478185 


•0007027407 


1424 


2027776 


2887553024 


87 7359245 


11*15504527 


* 0007082478 


1425 


- 2030625 


2893640625 


87-7491722 


11-2530856 


•0007017544 


1426 


2033476 


2899736776 


87-7624152 


11*2557178 


•0007012628 


1427 


2036329 


2905841483 


87-7756535 


11-2583478 


•0007007708 


1428 


2039184 


29119)4752 


87-7888878 


11-2609770 


•0007002801 


1429 


2042041 


2918076589 


87 -8021168 


11-2636050 


•0006997901 


1430 


2044900 


2924207000 


87-8158408 


ll'366ii318 


•0006993007 


1431 


• 2047761 


2930345991 


87-8285606 


11-2688578 


•0006988120 


1482 


2U50624 


2936493568 


87-8417759 


11-2714816 


•0006983240 


1488 


2053489 


2942649737 


87-8549864 


11-2741047 


•0U06978367 


1484 


2056350 


2948814504 


87-8681924 


11 2767266 


•0006973501 


1485 


2059225 


29H987875 


87-8818938 


11-2793472 


•0006968641 


1486 


2062096 


2961169856 


87 8945906 


11-2819666 


-0006963788 


1437 


2064969 


2967360453 


87-9077828 


11-2845849 


•0006958942 


1488 


2067844 


2973559672 


87 9209704 


11 2872019 


•0006954103 


1489 


2070721 


2979767519 


87-9341538 


11-2898177 


-0006949270 


1440 


2073600 


2985984000 


87-9473319 


11-2924323 


•0006944444 


1441 


2076481 


2992209121 


87-9605058 


11-2950457 


•0006939625 


1442 


2079364 


3098442888 


87-9736751 


11-2976579 


•0006934813 


1448 


2082249 


3004685307 


87-9868396 


11-3002688 


-0006930007 


1444 


- 2085136 


3010936384 


88-0000000 


11-3028786 


•0006925208 


1445 


- 2088025 


3017196125 


88 0131556 


11-3054871 


•0006920415 


1446 


2080916 


3023464536 


88-0263067 


11*3080945 


•0006915629 


1447 


2093809 


3029741623 


88-0394532 


11-3107006 


•0006910850 


1448 


2096704 


3036)27392 


88 0525952 


li -3133056 


-0006906078 


1449 


2099601 


3142321849 


88 0657826 


11-3159094 


-0006901312 


1450 


2102500 


3O48'i2500O 


88-0788655 


11-3185119 


* 0006896352 


1451 


2105401 


3054936851 


88-0919989 


11-3211132 


* 0006891 799 


1452 


2108304 


3061257408 


88 1051 178 


11 3237134 


•0006887052 


1453 


2111209 


3067586677 


88-1182371 


11-3263124 


•0006882)12 


1454 


2114116 


3073924664 


88 1313519 


irs289102 


•0006877579 


1455 


2117025 


3080271375 


88-1444622 


11-3315067 


• 000687-^ «2 


1456 


2119936 


3086626816 


88-1575681 


11-3341022 


* 0006868132 


1457 


2122849 


3092990998 


38-1706698 


11-3366964 


*0006863412 


1456 


2125764 


8099.i6S912 


88-1837G62 


11-3392894 


•0006858711 


1459 


2128681 


8105745579 


88-1968585 


11-3418818 


* 00068540 10 


1460 


2131600 


8112136000 


88-2099468 


11 3444719 


. -0006849315 


1461 


2134521 


8118535181 


88-2280297 


11-3470614 


* 000684 4627 


1462 


- 2137444 


8124943128 


88-2361085 


11 3496497 


- 000683 J945 


1468 


2140869 


8131359847 


88-2491829 


11-3522368 


•0006833270 


1464 


2143296 


8137785344 


88-2622529 


11-3548227 


* 000683 J6A1 


1465 


2146225 


8144219625 


88-2753184 


11-3574075 


* 000682 '939 


1466 


2149156 


8150662696 


88-2883794 


11-3599911 


•000682 > 282 


A4B1 


2158089 


8157114568 


88-3014360 


11-3625735 


•0006816638 



302 
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Nr»lMn. Sqtiaret. 


Cubes. 


Square Hoots. 


Oube Boots. 


BeclprocsU 


1468 


2155024 


8163575232 


38-8144881 


11*3651547 


'0006811989 


1469 


21579(Jl 


3170044709 


88-3275358 


11*3677347 


•000680735S 


1470 


2160900 


8176523000 


38-3405790 


11*3703136 


'0006802721 


1471 


21U3841 


3183010111 


38*3536178 


11-3728914 


•0006798097 


1472 


2166784 


8189506048 


38*3666522 


11-3754679 


•0006793478 


1478 


21697i;9 


8196»10817 


38*3796821 


11*3780433 


•0006788866 


1474 


2172676 


3202324424 


38-3927076 


11 3806175 


•000G784261 


1475 


2175625 


3209046875 


38*4057287 


11*3831906 


•0006779661 


1476 


2178576 


3215578176 


88*4187454 


11 3857625 


•0006775068 


1477 


2181529 


3222118333 


38-4317577 


11*3883333 


•0006770481 


1478 


2184484 


3228667352 


38-4447656 


11-3909028 


•0006765900 


1479 


2187441 


3235225239 


38-4577691 


11-3934712 


•0006761325 


1480 


21904U0 


3241792000 


38-4707681 


11*3960384 


* 0006756757 


1481 


2193361 


3248367641 


38-4837627 


11*3986045 


•0006752194 


1482 


2196324 


3254952168 


38-4967530 


11*4011695 


•0006747638 


1483 


2199289 


3261545587 


38 5097890 


11-4037332 


•0006743088 


1484 


2202256 


3268147904 


38-5227206 


11-4062959 


-0006788544 


1485 


2205225 


3274759125 


38-5356977 


11*4088574 


•0006734007 


1486 


2208196 


3281379256 


38*5486705 


11 4114177 


•0006729474 


1487 


2211169 


3288008303 


38*5616389 


11*4139769 


•0006734950 


1488 


2214144 


3294646272 


88*5746030 


11-4165349 


•0006720430 


1489 


2217121 


83012931U9 


38*5875627 


11-4190918 


•0006715917 


1490 


2220100 


3307949000 


38*6005181 


11*4206476 


•0006711409 


1491 


2223081 


3314613771 


38-6134691 


11*4242022 


•OOO67U6908 


1492 


222(i064 


3321287488 


38-6264158 


11-4267556 


00067U341S 


149S 


2229049 


3327970157 


38-6393582 


11*4293079 


•0006697924 


1494 


2232036 


3334661784 


38-6522962 


11*4318591 


•0006693440 


1495 


2235025 


3341362375 


38*6652299 


11-4344092 


•0006688963 


1496 


2238016 


3348071936 


38-6781593 


11*4369581 


•0006684493 


1497 


2241009 


3354790473 


38-6910848 


11-4395059 


•0006680027 


1498 


2244004 


3361517992 


38-7040050 


11*4420525 


•0006675567 


1499 


2247001 


3368254499 


38*7169214 


11-4445980 


•0006671114 


1500 


2250000 


3375000000 


38-7298335 


11-4471424 


•0006666(i67 


1501 


2253001 


3381754501 


38-7427412 


11*4496857 


0006662225 


1502 


2256004 


3388518008 


38-7556447 


11-4522278 


•0006657790 


150S 


2259009 


3395290527 


38*7685439 


11 -4547688 


•0006653360 


1504 


2262016 


3402072064 


38-7814389 


11-4578087 


•0006648936 


1505 


2265025 


3408862625 


88-7943294 


11*4598476 


•0006644518 


1506 


2268036 


3415662216 


38-8072158 


11*4623850 


•0006640106 


1507 


2271049 


342-^470643 


38-8200978 


11*4649215 


•00066357UI> 


1508 


2274064 


3429288512 


38-8329757 


11*4074568 


•00066313UU 


1500 


2277081 


3436115229 


38*8458491 


11-4699911 


•0006626905 


1510 


2280100 


8442951000 


38-8587184 


11-4725242 


*0006622517 


1511 


2283121 


3449795831 


38-8715834 


11*4750562 


•0006618134 


1513 


2286144 


3456649728 


38-8844442 


11*4775871 


•0006613757 


1513 


2289169 


3463512697 


38 8973006 


11*4801169 


•0006609385 


1514 


2292196 


3470384744 


38-9101529 


11-4826455 


•0006605020 


1515 


2295225 


3477265875 


38*9230009 


11*4851731 


•0006600660 


1516 


2298256 


3484156096 


38-9358447 


11*4876995 


•0006596306 


1517 


2301289 


3491055413 


38-9486841 


11*4902249 


•0006591958 


1518 


2304324 


3597963832 


38-9615194 


11-4927491 


-0006587615 


1519 


2307361 


3504881359 


38-9743505 


11*4952722 


•0006583278 


1520 


2310400 


3511808000 


38-9871774 


11*4977943 


•0006578M7 


1521 


2313441 


3518743761 


39 0000000 


11 5003151 


•0006574623 


1522 


2316484 


3525688648 


89-0128184 


11 5028348 


•0006570303 


1523 


2319529 


3532642667 


39 -0256326 


11*5053535 


•0006565988 


1524 


2322576 


3539605824 


39-0384426 


11-5078711 


•0006661680 


1525 


2325625 


3546578125 


390512483 


11-5103876 


•0006557377 


1526 


2328676 


3553559576 


39 0640499 


11-5129030 


* 0006553080 


1»27 


\ 2331729 


3560550183 


39-U768473 


11-5164173 


•0006548788 


1528 


•2334784 


3567549952 


39-0896406 


11-5179305 


•0006544503 


1529 


2337841 


8574558889 


39-1024296 


11-5204425 


•0006540223 


1530 


2340900 


3581577000 


39-1152144 


11-5229535 


0006585948 


J681 


2343961 


8588604291 


39-1279951 


11 5254634 


•0006531679 
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Hvmben. 


Squares. 


OabM. 


Bqnare Boots. 


CubsSoott. 


Beciprocftls 


1583 


2847024 


8595640768 


89- 1407716 


11*5279722 


0006637416 


1688 


2350089 


8602686487 


89- 1535439 


11-5304799 


*00Q«638t57 


1584 


2353156 


8609741801 


89*1668120 


11*6328865 


-000661890» 


1585 


2356225 


8616805876 


89-1790760 


U' 5354920 


* 0006514658 


1586 


2359296 


8623878056 


89 1918359 


11-5379965 


0006510417 


1587 


2362369 


8630961153 


39*2045915 


11-5404998 


•0006506181 


1588 


2365444 


3638052872 


39-2173431 


11-5430021 


•0006501961 


1589 


2368521 


3645153819 


89-2300905 


11*5455038 


* 0006497726 


1540 


2371600 


3652264000 


39-2428387 


11*5480034 


-0006493506 


1541 


.2374681 


3659383421 


89*2555728 


11-5505025 


* 0006489298 


1542 


2377764 


3666512088 


39*2683078 


11*6530004 


-0006485084 


1548 


2380849 


3673650007 


39*2810387 


11-5554972 


•0006480881 


1544 


2383936 


3680797184 


89-2987654 


11-5579931 


•0006476684 


1545 


2387025 


8687953625 


39-3064880 


11*5604878 


■0006473492 


1546 


2390116 


3695119336 


39-8192065 


11*5629615 


•0006468806 


1547 


2393209 


8702294328 


39-3319208 


11*5654740 


-0006464124 


1648 


2396304 


3709478592 


39 3446311 


11*5679655 


•0006459948 


1649 


2399401 


3716672149 


39-3573373 


11 5704559 


-0006455778 


1550 


2402500 


3723875000 


39 -3700894 


11*5729453 


0006451618 


1551 


2405601 


3731087151 


39 3827378 


U- 5754336 


■0006447458 


1552 


24087U4 


8738308608 


39-3954312 


11*5779208 


•0006443299 


1553 


2411809 


3745639377 


39-4081210 


11-5804069 


•0006439150 


1554 


2414916 


8752779464 


39-4208067 


11*5828919 


•0006435006 


1555 


2418025 


3760028875 


89*4334883 


11-5853759 


•0006430868 


1556 


2421136 


3767287616 


89-4461658 


U- 5878588 


•0006426786 


1557 


2424249 


8774555693 


39*4588393 


11-5903407 


• 000(422608 


1558 


2427364 


8781833112 


89-4715087 


11*5928216 


•0006418486 


1559 


2430481 


3789119879 


39*4841740 


11*5953018 


0006414368 


1560 


2433600 


8796416000 


39-4968353 


11*5977799 


0006410256 


1561 


2436721 


3803721481 


39-5094925 


11-6002576 


0006406150 


1562 


2439844 


3811036328 


39-5221457 


11*6027342 


•0006402049 


1568 


2442969 


3818360547 


89*5347948 


11-6052097 


•0006397958 


1564 


2446096 


3825694144 


39-5474399 


11-6076841 


0006393863 


1665 


2449225 


3833037125 


39-5600809 


11-6101575 


0006389776 


1566 


2452356 


3840389496 


39-5727179 


11-6126299 


0006385696 


1567 


2455489 


3847751263 


39*5853508 


11-6151012 


0006381621 


1568 


2458624 


3855122432 


39*5979797 


11-6175715 


0006377551 


1569 


2461761 


3862503009 


39-6106046 


11-6200407 


0006373486^ 


1570 


2464900 


3869883000 


89*6232255 


11*6225088 


0006369427 


1571 


2468041 


3877292411 


89*6358424 


11*6249759 


0006365373 


1572 


2471184 


3884701248 


39-6484552 


11*6274420 


0006361328 


1578 


2474329 


3892119517 


39*6610640 


11*6299070 


0006857279 


1574 


2477476 


3899547224 


39-6736688 


11-6323710 


0006353240 


1575 


2480625 


3906984375 


39-6862696 


11*6348339 


0006349206 


1576 


2483776 


3914430976 


39-6988665 


11-6372957 


0006345178 


1577 


2486929 


3921887033 


39*7114598 


11-6397566 


0006841154 


1578 


2490084 


3929352552 


39*7240481 


11 6422164 


0006337136 


1579 


2493241 


3936827539 


39 7366329 


11-6446751 


0006333122 


1580 


2496400 


3944312000 


39*7492138 


11-6471329 


•0006329114 


1581 


2499561 


3951805941 


39-7617907 


11-6495895 


0006325111 


1583 


2502724 


3959309868 


39*7743636 


11-6520452 


•0006321118 


1588 


2505889 


8966822287 


39-7869325 


11*6544998 


•0006317119 


1584 


2509056 


3974344704 


39*7994976 


11*6569534 


•0006313131 


1585 


2512225 


3981876625 


89-8120585 


11*6594059 


0006309148 


1586 


2515396 


3989418056 


39*8246155 


11*6618574 


0006305170 


1587 


2518569 


3996969003 


39-8371686 


11*6643079 


0006301197 


1588 


2521744 


4004529472 


89-8497177 


11*6667574 


0006297229 


1589 


2524921 


4012099469 


39-8622628 


11-6692058 


000629626G 


1590 


2528100 


4014679000 


39-8748040 


11-6716539 


0006289308 


1591 


2531281 


4027268071 


39-8878418 


11-6740996 


•0006285355 


1592, 


2534464 


4034866688 


89-8998747 


11-6765449 


'0006281407 


1598 


2537649 


4042474857 


39-9124041 


11-6789892 


•0006277464 


1594 


2540836 


4950092584 


39*9249295 


11*6814826 


•0006278526 


1595 


2544025 


4057719875 


89*9374511 


11*6838748 


•000626959& 
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Numbers. 

1596 
1597 

1599 
1600 


Squares. 

2547216 
2550409 
2553604 
2556801 
2560000 


Cub4'8. 

4U653567S6 
4073003173 
4080659192 
4U8832479& 
4096000000 


Square Roots. 

39*9499687 
39-9624824 
39-9749922 
39*9874980 
40-0000000 


Cube Roots. 

11*6863161 
11*6887563 
11*6911955 
11*6936337 
11*6960709 


Reciprooals. 

*000«>265664 
0006261741 
•0006257822 
*00062S3909 
•00062M000 



To Find the Squcure or Cube Boot of a Number oonaisting 4>f 

Integers and Dedmals, 

Multiply the difierence between the root of the integer part iA the 
fiiven number, and the root of the next higher integer ntunlber, bj the 
decimal part of the giyen number, and add the product to the rocft of 
the given integer number ; the sum is the root required. 

ExAiiPLE. — ^Required the square root of 20'821. 

Square root of 21 = 4*6825 
Do. 20 = 4*4721 



•1104 X -321 + 4*4721 = 4-6075384, th« 
square root required. 



JBequired the cube root of 16*42. 

Cube root of 17 = 2*6712 
Do. 16 = 2*6198 



*0614 X '42 + 2*6198 = 2*641888, the oiiba 
root required. 



TABIiE OF THE FOTJRTH AND FIFTH PO"WEES OF 

NUMBERS. 



V umber. 


4th Power. 


5th Power, 


Number. 


♦th Power. 


5tli Power. 


1 


1 


1 


18 


104976 


1880568 


2 


16 


32 


19 


130321 


2476099 


3 


81 


243 


20 


160000 


32OD000 


4 


256 


1024 


21 


194481 


4084101 


5 


62S 


3125 


22 


234256 


51i»632 


6 


1296 


7776 


23 


279841 


6488348 


7 


2401 


16807 


24 


331776 


7962624 


8 


4096 


32768 


25 


390625 


9765625 


9 


6561 


69049 


26 


456976 


11881376 


10 


1 0000 


100000 


27 


531441 


14348907 


11 


14641 


161051 


28 


614665 


17210368 


12 


20736 


248832 


29 


707281 


20311149 


13 


28561 


371293 


SO 


810000 


24300000 


14 


38416 


537824 


81 


92352] 


28639151 


15 


50625 


759375 


32 


1048576 


S85544SS 


16 


65536 


1048576 


88 


1185921 


39185398 


17 


8S5S1 


1419857 


84 


1336386 


46435424 
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Number 


4th Power. 


5th Power. 


Number. 


4th Power. 


Wh Power. 


35 


1500625 


52521875 


93 


74805201 


659688869$ 


116 


1679616 


60466176 


M 


78074896 


7389640224 


87 


1874161 
2085186 


69343957 


95 


81450625 


7737809875 


88 


79235168 


96 


84934656 


8158726976 


89 


2313441 


90224199 


97 


88529281 


8587840257 


40 


2560000 


102400000 


98 


92236816 


9089207968 


41 


2825761 


115856201 


99 


96059601 


9509900490 


42 


8111696 


180691232 


100 


lOOOOUlKX) 


10000000009 


43 


8418801 


147008448 


101 


104060401 


10510100501 


44 


3748096 


104916224 


102 


108243216 


11040808032 


45 


4100625 


184528125 


108 


112550881 


11592740748 


46 


4477456 


205962976 


104 


110985856 


12166529024 


47 


4879681 


229345007 


105 


121550625 


12762815625 


48 


6308416 


254803968 


106 


186247696 


18882255776 


49 


5764801 


282475249 


107 


181079601 


14025517807 


50 


6250000 


812500000 


108 


186048896 


14693280768 


51 


6765201 


345025251 


109 


141158161 


15386239549 


52 


731liS16 


880204032 


110 


146110000 


16105100000 


58 


7890481 


418195493 


HI 


151807041 


16850591551 


54 


8503056 


459165024 


112 


157351936 


17623416832 


55 


9150625 


503284375 


113 


163047361 


18424351793 


56 


9834496 


550731776 


114 


168896016 


19254145824 


57 


10556001 


601692057 


115 


174900625 


20113571875 


58 


11316496 


656356768 


116 


181063936 


21003416576 


59 


12117361 


714924299 


117 


187388721 


21924480857 


60 


12960000 


777600000 


118 


198877776 


22877577568 


61 


13845841 


844596301 


119 


200588921 


288635365<'9 


62 


14776336 


916132832 


120 


207360000 


24883200000 


63 


15752961 


992436543 


121 


214358881 


25937424601 


64 


16777216 


1073741824 


122 


221538456 


2702708163i> 


65 


17850625 


1160290H25 


123 


228886641 


28153056848 


66 


18974736 


1252332576 


124 


286421376 


29816250624 


67 


20151121 


1850125107 


125 


244140625 


30517578125 


68 


21381376 


1453933568 


126 


252047376 


31757969876 


69 


22667121 


1564031849 


127 


260144641 


38038369407 


70 


24010000 


1680700000 


128 


268435456 


34359738368 


71 


25411681 


1804229851 


129 


276922881 


35723051649 


72 


26873856 


1934917632 


130 


285H10000 


37129300000 


78 


28398241 


2073071593 


131 


294499921 


38579489651 


74 


29986576 


2219006624 


182 


803596776 


400746424S2 


75 


31640625 


2873046875 


133 


812900721 


41615795698 


76 


83362176 


2535525876 


184 


822417936 


43204003424 


77 


85153041 


2706784157 


135 


832150625 


44840334375 


78 


87015056 


2887174368 


136 


842102016 


56625874176 


79 


88950081 


3077056899 


137 


852275361 


46261724457 


80 


40960000 


3276800000 


188 


362678936 


50049003168 


81 


43046721 


3486784401 


139 


873301641 


51888844699 


82 


45212176 


3707398439 


140 


884160000 


53782400000 


88 


47458321 


8939040643 


141 


895254 1'il 


55730836701 


84 


49787136 


41821 L9424 


142 


406586896 


57735339282 


85 


52200625 


4437053125 


143 


418161601 


59797108943 


86 


54708016 


4704270176 


M4 


429981696 


61917364224 


87 


57289761 


4984209207 


145 


442050625 


64097340625 


88 


59969536 


5277319168 


146 


454371856 


66338290976 


89 


62742241 


5584059449 


147 


466948881 


68641485507 


90 


65610000 


5904900000 


148 


479785216 


71008211968 


91 


68574961 


6240321451 


149 


492884401 


73439775749 


92 


71639296 


6590815232 


150 


506250000 


75937500000 



2368 
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Dfaua. 



Circum- 
ference. 



Area. 



Side of 
Eqaal 

Square. 



181 
182 
182 
183 
184 
185 
186 
186 
187 
188 
189 
190 
190 
191 
192 
193 
193 
194 
195 
196 
197 
197 
198 
199 
200 
201 
201 
202 
203 
204 
204 
205 
206 
207 
208 
208 
209 
210 
211 
212 
212 
213 
214 
215 
215 
216 
217 
218 
219 
219 
220 
221 
222 
223 
223 
224 
225 
226 
226 
227 
228 



'437 
•212 
■998 
•788 
-569 
'354 
-139 
-925 
-710 
•496 
-281 
-066 
•852 
•687 
•423 
'208 
•993 
•779 
-564 
-350 
•135 
•920 
-706 
'491 
'277 
•062 
'847 
'633 
'418 
•204 
•989 
•774 
•560 
'345 
•131 
•916 

701 
•487 
•272 

058 
•843 

628 
•414 

109 
•985 
•770 
'555 
•341 

126 
-912 
-697 
'482 

268 

053 
•839 

624 
'409 
•195 
•980 
•766 

551 



2619 
2642 
2664 
2687 
2710 
2733 
2757 
2780 
2803 
2827 
2851 
2874 
2898 
2922 
2946 
2970 
2994 
8019 
3043 
8067 
3092 
8117 
8142 
8166 
3191 
3216 
3242 
3267 
3292 
3318 
8343 
3369 
3395 
3421 
3447 
8473 
8499 
3525 
3552 
3578 
3605 
3631 
3658 
3685 
3712 
3739 
3766 
3793 
3821 
3848 
3875 
3903 
3931 
3959 
3987 
4015 
4043 
4071 
4099 
4128 
4156 



•85 
-06 
-91 
-88 
•85 
•97 
•19 
'61 

93 
'44 
•05 
'76 
•66 
•47 
'47 
•67 
•77 
•07 
•47 
•96 
•56 
•25 
•04 

92 
•91 

99 
•17 
•46 

83 
•31 
•88 
•56 
•33 
•20 
•16 
•23 
•89 

66 
•01 
•47 
•08 
•68 
•44 
'29 
'24 
•28 
•48 
•67 
•02 
'46 
'99 
•63 

36 
'20 
•13 

16 
•28 
'51 
•83 
•25 
•77 



51 
51 
51 
51 
52 
52 
52 
52 
52 
53 
53 
53 
53 
64 
54 
54 
54 
54 
55 
55 
55 
55 
56 
56 
56 
56 
56 
57 
57 
57 
57 
58 
58 
58 
58 
58 
59 
59 
59 
59 
60 
60 
60 
60 
60 
61 
61 
61 
61 
62 
62 
62 
62 
62 
63 
63 
63 
63 
64 
64 



•178 
'899 
•621 
•843 
•064 
'286 
•507 
•729 
•960 
•172 
'398 

615 
•886 

048 
•379 
•601 
•728 
•944 
•166 
•887 
•609 
•830 
•062 
•273 
•495 
•716 
•938 

169 
•881 
'603 
•824 
•046 
•267 
•489 
•710 
•982 
•154 
•875 
•697 
•818 
•040 
•261 
•483 
•704 
•926 
•147 
•869 
'691 
•812 
•034 
•255 
•477 
•698 
'920 
•141 
'863 
•545 
•806 
'028 
•249 



64 471 



Diam. 
78 
lU 

ton 

781 

74 

74i 

74f 

75 

76J 

75| 

761 

76 

76J 

7( 

7( 

77 

77J 

771 

77| 

78 

78J 

7J 

783 

79 

79J 

79] 

7i 

80 

80| 

80^ 

80} 

81 

81j 

81J 

8i; 

82 

82| 

82i 

82} 

83* 

83J 

83] 

83| 

84 



Circum- 
ference. 



Area. 



m 



229 
230 
230 
231 
282 
383 
234 
284 
385 
336 
237 
237 
238 
239 
240 
241 
241 
242 
243 
244 
245 
245 
246 
247 
248 
248 
249 
250 
251 
252 
252 
253 
254 
255 
256 
256 
257 
258 
259 
259 
260 
261 
262 
263 
263 
264 
265 
266 
267 
267 
268 
269 
270 
270 
271 
272 
273 
274 
274 
275 
276 



•886 
•122 
'907 
'693 
•478 

268 
•049 
•884 
•620 
'405 

190 
'976 
•761 

547 
•382 
•117 
•908 
•688 

474 
'259 

044 
•880 
•616 
•401 
•186 
•971 
•767 
'542 
•828 
•113 
•896 
•684 
•469 
-255 
•040 
•825 

611 
•896 
•182 
•967 
•762 
•538 
•323 
•109 
•894 
'679 
•465 
'250 
•036 
•821 
•606 
•392 
•177 
•963 
'748 
•533 
■319 

104 
•890 
•675 
•460 



4185 
4214 
4242 
4271 
4300 
4829 
4859 
4888 
4417 
4447 
4476 
4506 
4686 
4566 
4696 
4626 
4666 
4686 
4717 
4747 
4778 
4809 
4889 
4870 
4901 
4982 
4963 
4995 
5026 
6058 
5089 
5121 
5153 
5184 
6216 
5248 
5281 
5313 
6845 
5370 
5410 
5443 
6476 
5508 
6541 
5574 
6607 
6641 
5674 
6707 
6741 
5776 
6808 
5842 
5876 
5910 
5944 
5978 
6018 
6047 
6082 



•89 
•II 

92 
•88 
'85 
•95 

16 
•47 
•87 

87 

97 
•67 
•47 
'86 
•85 
•44 
•63 
•92 
•80 
•79 
•87 
•05 
•83 
•70 
•68 
•75 
•92 
•19 
•56 
•01 
•58 
•24 
•00 

86 
•82 
•87 

03 
•37 
•63 
•07 
'63 
•36 
•00 
'84 
•78 
•81 
'95 

18 
'81 
•94 

47 
•09 
•81 
•68 
•55 
•57 
'69 

90 

21 

62 
•18 



Side or 
Equal 
Square. 

64 181 
64'9I4 
65^i85 
65867 
65'S78 
65800 
66-«B 
66*8tt 
66^4i5 

66-ew 

66^90l 

67121 

67 SN 

67^57S 

67^7tt 

68-«li 

68317 

68-4i». 

68^aN 

68^W 

6918 

69-W 



70^ 

70^tt 

704B 

70^674 

70-8W 

71-U9 

n-m 

71-962 

71-782 

73-00& 

73'» 

73'4I» 

73-0» 

7S^88I 

78111 

78 8S5 

78'8M 

78*778 

78 -W 

74-331 

74*44l 

74^flM 

74-8M 

75 107 

75 '837 

75'660 

75-770 

75 9M 

76*218 

76^«7 

7G'(iS6 

76-880 

77 OW 

77 '828 

77-5fl 

777« 

77 -W 
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^.) 



Warn. 



Orciim- 

r7146 
878 OSl 
rS'SlT 
S79'603 
S80'887 
181*178 
S81*SS8 
S8S-744 
S8S'529 
S84-814 
S85'100 
S85'885 
S86'671 
287-456 
.S88-241 
289*827 
289*612 
290*598 
291 888 
292*168 
292*954 
208*789 
294*585 
295S10 
296 095 
296*881 
297-666 
298*452 
299*287 
800*922 
800*808 
801*598 
802*879 
808*164 
808*949 
804*785 
805*520 
•06-806 
807*091 
897*876 
808*662 
809-447 
810*283 
811*018 
811*808 
812-589 
818*874 
814-160 
814-915 



6116-74 
6151*44 
6186-25 
6321-15 
6356 15 
6291*25 
6326 44 
6361-74 
0897-18 
6482*63 
6468-31 
6500'89 
6589-68 
6573-56 
6611-54 
6647-62 
6688-80 
6720 07 
6756*45 
8792-92 
6829*49 
6866-16 
8902*92 
6989-79 
6976*75 
7018*81 
7050*97 
7088-28 
7125*58 
7168-04 
7200*59 
7238-24 
7275-99 
7313-84 
7351*78 
7889-82 
7427.96 
7466*20 
7504-54 
7542-96 
7581*51 
7620-14 
7658-87 
7697-70 
n86-62 
7775-65 
7814*79 
78M*00 
7898*81 



SIdeot 
Eqiul 
Square. 

78 209 



78 
78 
78 
79 
79 
79 
79 
79 
80 
80 
80 
80 
81 
81 
81 
81 
81 
82 
82 
82 
82 
83 
88 
88 
83 
88 
84 
84 
84 
84 
85 
85 
85 
85 
85 
86 
86 
86 
86 
87 
87 
87 
87 
87 
88 
88 
88 
88 



■428 
*6fll2 

871 
*095 
-815 
-538 
*758 
-982 
-201 
'425 

644 
-868 
*087 
•311 
•530 

754 
-973 
•197 
*416 
'640 
*859 
*088 

802 
-526 
•746 
•970 

189 
*413 
'682 
•856 
•077 
•299 
•520 
-742 
•964 
-185 
•407 
•628 
*86n 
•071 
-293 
-614 
•786 
-958 
•179 
-401 
-622 
•844 



Dlam. 



\i 



107^ 



Circom- 
ferenec. 

315 730 

816-516 

317-301 

818 087 

318-872 

319 657 

820-448 

821-228 

822 014 

822-799 

328 584 

824^ 870 

825 155 

825-941 

326 726 

327-511 

828*297 

829082 

829*868 

830-658 

881*438 

882-224 

838*009 

888*794 

884*580 

885*865 

886*151 

836*036 

837 722 

338-506 

889-202 

840077 

840*863 

341*648 

342-431 

343*219 

344 -OCA 

344-789 

345-576 

376-992 

408*408 

489824 

471*240 

502-656 

534*072 

565-488 

596*904 

628*320 

942*480 



Area. 



7932 

7972 

8011 

8051 

8091 

8131 

8171 

8211 

8251 

8291 

8332 

8372 

8418 

8454 

8494 

8585 

8576 

8617 

8659 

8700 

8741 

8783 

8824 

8866 

8908 

8950 

8992 

9034 

9076 

9118 

9160 

9203 

9245 

9288 

9331 

9374 

9417 

9460 

9508 

11809 

18278 

15393 

17671 

20liM 

22698 

25446 

98852 

31416 

70686 



73 

21 
•86 
•57 
'38 

29 
-80 
-40 
•60 
-86 
-80 
-80 
-40 
•09 
-88 

77 

76 
-85 
-08 
-31 

69 
-17 

75 
•42 

20 
•07 
•04 
•11 
•27 
•54 
-90 
-86 

92 
•58 
-33 
-18 
•14 
•19 
'34 
-76 
-26 
•84 

50 

24 
•06 
•96 

94 
•00 
-00 



Sideol 

Equal 

8qaaf«. 

89-065 
89*287 
89506 
89-780 
89952 

90 173 
90-895 
90'bl6 
90888 

91 059 
91 281 
91 502 



91 

91' 

92' 



■724 
•946 
-167 
92*889 
92*610 
92-882 
98 053 
98*275 
98 496 
98*718 
98*940 
94-161 
94-888 
94-604 
04*826 
95047 
95269 
95*491 
95-712 
95-984 
96-155 

96 877 
96598 
96*820 

97 041 
97 268 
97*485 

106*848 
115*284 
124 079 
182*965 
141-798 
150-659 
159-521 
168*888 
177*247 
265-860 
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WEIGHTS AND MEASURES. 

TroyWvi§ht. .:■ ' 

P^iluyweighftQ. Grains, gr. 
Ounces. 1 ;= .214.* clwt. 

Pound. 1 s= 20 ■= ,480^: o«: 

1 - s= 12 = 240 . = .6T60 lb. 

• A cavat r= 4 gvAins. ; " 

437*6 4^*8. troy = 1 oz.' avoirchipoifi. . 
7000 „ =llb. ,j ; 

100 0Z8. troy = 109f ozs. avoirdupois. . 
3*2 grs. troy = 4 diamond grs. 
1 oz. „ = 160 » . . . .: 

Th6 pound troy is the weighjt of 22'6l5 cuVo iQches of ^distined 
^tei:, at the tei4peratare of m^'- Fahr., the height of the batometer 
being 30 inches. 

' Troy weight is used in philosophical experiments, tod ^in^ 'weighing 
$?old, flilver, and jewels. '^Tlie fineness of gold iind silver ^ihs means 
the proportion of the precious metal whioh they contain. 7his is ez- 
]jressed in lOOOths of th^r total weight, or in oarats — 24th8 of th«ir 
tdtaf Weight. British gold coins, are 22 oarats fine,«br 0*91^; silver 
coins, 0'925. Gold, it pure, is sud to be 24 carats flite!; if there be one 
of alloy, with 23 carats •6f purid gold, it is 28 cai^ fine,,.a«iid so on 
downwards. The alloy. Jn gold and silver coins oopsists'. of copper. 
The' true weight of a 'Sovereign is ^ 123*274 grs., consisting of — ^pcre g(>UI, 
11 parts, or llS'OOl grs. ; copper, 1 part, or 10*278 grs. • Sil^r odb 
oonsists of— pure silver, 2fc^ parts ; copper, 18 paTts. ■ T?he Wei^t of f 
fjliilliBg is 87i grains. 24 pence are made from ah avoirdupois pouiifl 
<rfbopper. 

Apothecaries Weight. 

Drains, Scruples. Grai»s. gr.; 

or Drachms. 1 ■ = 20. act. 

Oonces. 1 = 8 ■= 60 dr. 

PpBud. 1 3c 8 =24 = 480. oz. 

1 = 12 = 96 = 288 := 576505^. lb. 

: ^hefsign of the scrapie is 9 '; the dram, 5 ; ttie oiince, 'J 

-This weight, which is now abolished, was formerfy us^d fcir coin- 
p&VMding medieines. The grain, ouiice, find pchihd are e^tial tp thoie 
of ttoy weight. ■ . , 

Avoirdupois Weight. 





Ounces. 


Drams, dr. 


Pounds. 


1 = 


16 oz. 


Stones. 1 = 


16 = 


256 lb. 


Quarters. 1 = 14 = 


224 = 


3584 St. 


Cwts. 1 = 2 = 28 = 


448 — 


7168 qr. 


1=4= 8 = 112 = 


1792 = 


28672 cwt 



Ton. 
1 = 20 = 80 = 160 = 2240 = 36840 = 573440 ton. 

1 lb. avoirdupois = 7000 grains troy. 
1 oz, avoirdupois =: 437*6 grains troy. 
100 oz. avoirdupois = ^\ ^'gtYvft ot.^. ttoy , 
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Rods, , - 


Feet. 


Perches, or Yard^. 


1 


Poles. 1 , =3 


3 


1 = 5i .=? 


16} 


r 4 = 22 xr 


66 


= 40 = 220 . =r 


660 


= 320 = 1760 =x 


d280 



The imperial pound avoirdupois is the standard unit by means of 
which 'all oomnoodities, except gold, silver, and precious stones, are 
wedghed, and is e^ual to the weight of on&4enth of an imperial gallon, 
or' of -27*7274 cubic inches of distilled water at the temperature of 
62^ !Fahr., and when ths-bad'ometer stands at 30 .inchiffi. .. A certain 

Sidoei cH ^la^um of this Btandaifd weight is kept in the lExchequAr 
^ffioe, at Westminster. 

Lineal or Long Meiisure. 

Inches. 

= 12 

= 36 

Chftiofl, , 1 = 5i .=? 16J e= 198 

Furlongs. 1 pr 4 = 22 . xr 66 ar 792 

Mile. 1 . = 10 f= 40 = 220 . : =r 660 = 7920 

1 = 8 = 80 = 320 =1760 =r 9280 = 63360 

1 link = 7-92 inches. 
100 links = 1 chkin, or 66 feet. 

;i lef^ue = 3 geographical or nfintical miles. 
' .1 haQ,d == 4 inqliest. 

1 fathom =; ^ f<!$^et. . 
1 military pace = "2^ feeti 

1 geometrical pace = 5 feet. i ' ■; 

1 geographical or nautical mile = 1'15 statute miles. 
1 geographical degree- = 60 geographical or nautical miles. 
. . .;l.Admiraltyfknot=6p80f^, . . r. 

The yard is the* imperial standard measure of length, and is the 
SistiftBice, at the tehiperature of 62^ Ftthr., betweentwo markron a 
certain bar kept in the Exchequer Of&c^, Westminster. • . 

Cloth Measure. 

... ' ' J Nails. Inches. 

• Quarters. 1 =3 2i 

Yard. 1 . < == 4 =;= 9 

. ; Opil- 1 = 4 :,= 16 :p 3a . 

1 "= U = 6 = 20 = ,45 . 

The yard is the same as in Long Measure, but differs in its divisions 
and subdivisions. 

> Yarn Measure — Qotton. 

i Skeins. ^ Tdrdn. 

Hanks. 1 = ; 120 

Spindle. 1 = 7 = 840 

1 z= 18 t 126 = 15120 

' . . . •" •' 

Y)a/m Measure-^Linen. 

I- . 

. . J -Hears. , 
Hasps. , .*!'?=. _ 
Spi^icUe.. 1 = 6 = ^" — "'*"" '" 



Cuts. 




Yards. 


1 
2 


33 


300 
600 


.12 


. 1 


M^ 



302 
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Nr.MlMn. Sqtiaret. 


CubM. 


Square Hoots. 


OubeHoote. 




1468 


2155024 


3163575232 


38-8144881 


11*3651547 


'0006811989 


1469 


21579(il 


3170044709 


38 -3275358 


11*3677847 


•000680735S 


1470 


2160900 


8176523000 


38-3405790 


11-3703136 


-0006802721 


1471 


21(>3841 


3183010111 


38*3536178 


113728914 


•0006798097 


1472 


2166784 


8189506048 


38*3666522 


11-3754679 


•0006798478 


1478 


21697]^ 


3196ul0817 


88*8796821 


11*3780433 


•0006788866 


1474 


2172676 


8202524424 


38-3927076 


11 3806175 


•0000784261 


1475 


2175625 


8209046875 


38-4057287 


11*3831906 


•0006779661 


1476 


2178576 


8215578176 


38-4187454 


11 3857625 


•0006775068 


1477 


2181529 


8222118833 


38 4317577 


11 •3883332 


-0006770481 


1478 


2184484 


8228667352 


38-4447656 


11-3909028 


•0006765900 


1479 


2187441 


3235225239 


38-4577691 


11*8934712 


-0006761825 


1480 


21904U0 


8241792000 


38*4707681 


11-3960884 


0006756757 


1481 


2193361 


3248367641 


38-4837627 


11*3986045 


0006752194 


1482 


2196324 


3254952168 


38-4967530 


11-4011695 


0006747688 


1483 


2199289 


8261545587 


38 5097390 


114037332 


OOU67480M 


1484 


2202256 


3268147904 


38-5227206 


11-4062959 


0006788544 


1485 


22U5225 


3274759125 


38-5356977 


11*4088574 


0006784007 


1486 


2208196 


8281379256 


88*5486705 


11 4114177 


0006729474 


1487 


2211169 


8288008303 


88*5616389 


11*4139769 


0006724950 


1488 


2214144 


3294646272 


88*5746030 


11-4165349 


0006720480 


1489 


2217121 


S301298169 


38-5875627 


11-4190916 


0006715917 


1490 


2220100 


3307949000 


88-6005181 


11*4206476 


0006711409 


1491 


2223081 


3314613771 


88 '61 34691 


11-4242022 


0006706908 


1492 


222(>064 


3321287488 


38*6-264158 


11-4267556 


0006702413 


1498 


2229049 


3327970157 


38 '6393582 


11-4293079 


0006697924 


1494 


2232036 


3334661784 


38-6522962 


11-4318591 


0006698440 


1495 


2235025 


3341362375 


38-6652299 


11-4344U92 


0006688963 


1496 


2238016 


3348071936 


38-6781598 


11*4369581 


0006684492 


1497 


2241009 


3354790473 


38 6910848 


11-4395059 


0006680027 


1498 


2244004 


3361517992 


38-7040050 


11*4420525 


0006675567 


1499 


2247001 


3368254499 


38*7169214 


11-4445980 


0006671114 


1500 


2250000 


3375000000 


88-7298335 


11*4471424 


0006666667 


1501 


2253001 


3381754501 


38-7427412 


11 -4496857 


0006662235 


1502 


2256004 


3388518008 


38-7556447 


11-4522278 


0006657790 


150S 


2259009 


3395290527 


38*7685439 


11 -4547688 


000<f653360 


1504 


2262016 


3402072064 


38-7814389 


11-4578087 


0<i06648936 


1505 


2265025 


3408862625 


38-7943294 


11-4598476 


0006644518 


1506 


2268036 


3415662216 


88-8072158 


11*4623850 


0006640106 


1507 


2271049 


342-^470643 


38-8200978 


11*4649215 


00066857UO 


1508 


2274064 


3429288512 


38-8329757 


11-4674568 


0006631SUU 


1509 


2277081 


3436116229 


88-8458491 


11*4699911 


0006626903 


1510 


2280100 


8442951000 


88-8587184 


11*4725242 


0006622517 


1511 


228312L 


3449795831 


38-8715834 


11*4750562 


0006618134 


151S 


2286144 


3456649728 


88-8844442 


11*4775871 


0006613757 


1518 


2289169 


3463512697 


88 8973006 


11*4801169 


0006609385 


1514 


2292196 


3470384744 


88-9101529 


11-4826455 


0006605020 


1515 


2295225 


3477265875 


38-9230009 


11*4851781 


0006600660 


1516 


2298256 


3484156096 


88-9358447 


11-4876995 


0006596306 


1517 


2301289 


3491055413 


88-9486841 


11*4902249 


0006591958 


1518 


2304324 


3597963832 


38-9615194 


11-4927491 


0006587615 


1519 


2307361 


8504881859 


88-9743505 


11*4952722 


0006583278 


1520 


2310400 


8511808000 


38-9871774 


11-4977943 


0006578947 


1521 


2313441 


8518748761 


890000000 


11 5003151 


0006574622 


1522 


2316484 


8525688648 


89-0128184 


11 5028848 


0006570802 


1523 


2319529 


8532642667 


89 0256326 


11-5058535 


0006565988 


1524 


2322576 


3539605824 


39- 0384426 


11-5078711 


000656168U 


1525 


2325625 


3546578125 


39-0512488 


11-5103876 


0006557377 


1526 


2328676 


8553559576 


39-0640499 


11-5129030 


0006558080 


1527 


; 2331729 


3560550183 


89-U768473 


11-5154178 


0006548788 


1528 


•2834784 


8567549952 


39-0896406 


11-5179305 


0006544508 


1529 


2337841 


8574558889 


89-1024296 


11-5204425 


0006540222 


1530 


2340900 


8581577000 


39*1152144 


11-5229535 


0006535948 


JfiSl 


2343961 


8588604291 


39*1279951 


11 5254634 


0006531679 
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m^-m^a^-^m ^ m^mWmfm 


^r^^« 


Ifomben. 


Squares. 


OabM. 


Bqnare Boots. 


Oab« Soots. 


Bodprocftls 


1583 


3847024 


859'>640768 


89* 1407716 


11-5279722 


0006637416 


168S 


2350089 


3602686487 


89' 1535439 


11-5304790 


'000663St67 


1584 


2353156 


8609741804 


89-1663120 


11*6338865 


-0006616906 


1585 


3856335 


8616805876 


89-179U760 


U- 5354920 


-0006514668 


1586 


3359296 


8623878056 


89 1918859 


11-5379965 


-0006510417 


1587 


2362369 


8630961153 


39-2045915 


11-5404998 


0006506181 


1588 


2365444 


3638052872 


89-2173431 


11 5430031 


-0006501951 


1639 


3368521 


3645153819 


89*2300905 


11-6455088 


-0006497736 


1540 


2371600 


3652264000 


39-2428387 


11*5480034 


0006498506 


1541 


2374081 


3659383421 


39-2555728 


11 5505025 


'0006489298 


1543 


2377764 


3666512088 


39-2683078 


11-6530004 


-0006485084 


1548 


2380849 


3673650007 


39-2810387 


11*5554972 


OUOCMoOSol 


1644 


2383936 


3680797184 


89-2937654 


11*5579981 


•0006476684 


1545 


2387025 


8687953625 


39-3064880 


11-5604878 


0006472492 


1546 


2390116 


3695119336 


39 -3192065 


11*5629616 


0006468806 


1547 


2393209 


8702294328 


89-3319208 


11*5654740 


0006464124 


1548 


2396304 


3709478592 


39 3446311 


11*5679655 


0006459948 


1549 


2399401 


3716672149 


39 -3573378 


115704559 


0006455778 


1660 


2402500 


3723875000 


39-3700894 


11*5729458 


0006451618 


1551 


2405601 


8731087151 


39 3827373 


11-5754336 


0006447458 


1553 


2408704 


3738308608 


39-3954313 


11*5779208 


0006443299 


1568 


2411809 


8745539377 


39*4081210 


11*5804069 


0006489150 


1564 


2414916 


8752779464 


39-4208067 


11*5828919 


0006435006 


1M6 


3418025 


3760028875 


89-4334883 


11*5853759 


0006430866 


1556 


2421136 


3767287616 


89-4461658 


11*5878588 


0006426786 


1667 


3424249 


8774555693 


39-4588393 


11*5903407 


000(422608 


1568 


2427364 


3781833112 


89-4715087 


11*5928216 


0006418486 


1559 


2430481 


3789119879 


89*4841740 


11*5958018 


0006414368 


1560 


2433600 


3796416000 


89*4968353 


11*5977799 


0006410256 


1561 


2436721 


3803721481 


39-5094925 


11-6002576 


0006406150 


1563 


2439844 


3811036328 


39-5221457 


11 -6027 342 


0006402049 


1668 


3442969 


3818860547 


39*5347948 


11-6052097 


0006897958 


1664 


2446096 


3825694144 


39-5474399 


11-6076841 


0006393863 


1565 


2449225 


3833037125 


39-5600809 


11-6101575 


0006389776 


1566 


2452356 


3840389496 


39*5727179 


11-6126299 


0006385696 


1567 


2455489 


3847751263 


39*5853508 


11-6151013 


0006381631 


1668 


2458624 


3855122432 


39-5979797 


11-6175715 


0006377551 


1669 


2461761 


3862503009 


39-6106046 


11-6200407 


0006378486^ 


1570 


2464900 


3869883000 


39*6232255 


11-6225088 


0006369437 


1671 


2468041 


3877292411 


39-6358424 


11-6249759 


0006365373 


1673 


2471184 


8884701348 


89-6484552 


11*6274420 


0006361338 


1673 


2474329 


8892119517 


89*6610640 


11*6^99070 


0006857279 


1674 


3477476 


3899547224 


39-6736688 


11-6823710 


0006353240 


1575 


3480625 


3906984375 


39-6862696 


11-6348339 


0006349206 


1576 


2483776 


3914430976 


89-6988665 


11-6372957 


0006345178 


1677 


2486929 


3921887033 


39-7114598 


11-6397566 


0006841154 


1578 


2490084 


3929352552 


39*7240481 


11 6422164 


0006337186 


1679 


2493241 


3936827539 


39 7366329 


11*6446751 


0006338122 


1580 


2496400 


3944312000 


39*7492138 


11-6471829 


0006329114 


1681 


2499561 


3951805941 


89-7617907 


11*6495895 


0006325111 


1583 


2502724 


8959309868 


39-7743636 


11*6520452 


0006321118 


1688 


3505889 


8966822287 


39-7869325 


11*6544998 


0006317119 


1684 


2509056 


3974344704 


39*7994976 


11*6569534 


0006313181 


1686 


2512225 


3981876625 


89-8120585 


11-6594059 


0006309148 


1586 


2515396 


3989418066 


39-8246155 


11*6618574 


0006305170 


1687 


2518569 


8996969008 


89-8371686 


11-6643079 


0006301197 


1588 


2521744 


4004529472 


89-8497177 


11*6667574 


0006297239 


1689 


2624931 


4012099469 


39-8622628 


11*6692058 


0006296266 


1690 


2528100 


4014679000 


39 8748040 


11-6716538 


0006289308 


1591 


3531281 


4027268071 


89*8878418 


11-6740996 


0006285355 


1593. 


2534464 


4034866688 


89-8998747 


11-6765449 


0006281407 


1698 


2537649 


4042474857 


89-9124041 


11*6789893 


0006277464 


1594 


2540886 


4950092584 


39*9249295 


11-6814826 


0006278526 


1696 


3644025 


4057719875 


89-9374511 


11*6838748 


000626959!^ 
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Ammoniacal liquor {cantinued). 

to convert Twaddel into specific gravity, 274. 

Twaddel's hydrometer, 274. 

Will's method of teatuig^ 4^75. ^. ^. , . 
Analysis of coals and c^ngii^, 5 io 42t / . \ 

the asH of a good Newcastle coal, 4. 
Analyzer, Aitken and Young's, 84. 
Anderson's combined \\^s]ier and scrubber, 96. 

exhauster, 89. 

tar furnace, 90. * _ = 

washaiv98^ 
Angle of .repose o£ earths Avith boriaontal line, IflS. 
Angles in mains, services, and internal. fittings, 200.. 
Annual consumption of coal for gais purposes in the United KiiigJom, 47. 
Annual increase in gas consumption, usitial, SOI. 
Annular atmospherical condense-, 79. 

Kirkham and Wright's, 80. 

Warner's, 80. 
Annular or ring tanks, 125, 142. 
Anthracite or glance coal, 1. 

weight per cubic yard, 46. 
Apparatus required for tealing meters, 211, ^2. 

illuminating power,. 244. 
AlitimirimKteiiiniltipiisrg foar facilitating oaloulatioiiB, 886. 
Architectural and mechanical drawing, colours used in, 888 
Area of ooal measures in the Unitsd Kingdom, 6. 
Area required for atmospherical condensation, 8&. 
Areas, &c., table of, 366. 
Aigand, Sugg's London, 248. 
Arithmetical and algebraical signs, 335. •' 
Arson (M.) on masonry tank walls, 130. 
Ascension or stand pipes, 69. 

ohoking of , 69. 
Ash in ooal and coke, 4 to 42. • 

Ash pan, furnace, 58. 
Ashes in mortar, 316. 

Asphalt or tar mortar and concrete, 128, '1S9. 
Atmospherical condensati6iiv 8Bir 

annular coB^sosen, 79. 

area required for, 82. 

atmospherical and water edndoieeirs comMned, 81. 

Graham's condenser, 81. 

iiorixontal condensers, 80. 
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Aurum mosaicuiu, or gold bronze powder, 236. 

Aatoxnatic pressure changer, Cowan's, 164. •' 

Average yield of bituminous coal, 47. 

Average meter 8y«i$em: tor pablio llgEting, 907. 

Axioms worth remembering, 198. i • 

Balance and weights, experimental, 245. 

Ball and socket joint for main pipes, 172j 

Bat, graduated photometer, 245. 

Bars, grate or fire, 57. 

Barff-Bower process for protecting iron pipes and fittings, 199. - 

Barker's mill for ditrtribiztuig water in scrubbers, 96% 

Barometer and thermometer used in testing illuminating power, 245 

Battery or tubular condenser, 82. 

Beale's exhauster, 89. 

Beaum^'s hydrometer, 276. 

Bench, single and double retort, 49.. i 

clear space in front of, 50. 

flues and draught, 56. - • 

Birminghami wire gau^, liiiekneBs o£ the, )£ld. 
Bisulphide of carbon, 102, 103, 113, 282. 
Bituminous coal, 1. 

average yield of, 47. ■ • 

weight i)er cubic yard, 46. 
Blue or Bengal fire, 243. 

Boiler and engine, steanv 90. -^ ■ : 

Bolts and nuts, 173. 

Bond in brickwork, 309. . * « ! 

Books required in the keeping of a GasGompahy's^aioouutSr &27 
Borders, illuminated, 242. 

Bored and turned joints, for main pipes, 167, 168. 
Box's retort-lid fastener, 65..: - ■•..,:-.. 

Box's table of the mean temperature o€ every tenth day, l%i '' > 
Brackets and chandeliers, height of ,.988:' < \ > 

Braddock's station governor, 163. f • 

Brass or iron, mixture for tinning, 234. 
Brass tube, plain, weight per foot, 233. ' 

spiral and fluted, weight i>er foot, 233. 
Brass work for lacquering, to clean, 237. 
" Brasses " in coal, 48. 
Bray's street lamps and burners, 206, il07. 

ventilating globe lights, 229. . ' • 

Brazing, 234. 
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Breeze and coke, 270. 
Bricks and brickwork, 808. 

bond in brickwork, 809. 

number of bricks in walls ot difterent areas, 810. 

usual dimensions of bricks, 808. 
Brick and puddle tanks, 126, 188. 
Brick retorts and ovens, 54. 
Brickwork in retort settings, 65. 
Bridge and dip pipes, 69. 
Bronze, 234. 

copper bronze powder, 285. . 

gold bronze powderB, or Aurum mosaioom, 285. 

green, 285. 

powders, 286. 

size for bronze powders, 286. 
Brown or lignite coal, 1. 
Buckstaves for retort bench, 61, 62. 
Bunsen's photometer, 244. 
Burner, " needle " governor, 230. 
Burners, number required lor lighting lai^ buildings, 230. 

standard, 248. 

objections to horizontal, 228. 
Bye pass mains and valves, 97. 

Caking coal, 1. 

Calcining spent lime, Hislop's process for, 101. ' 
Calcium sulphide, purification by, 102. 
Candle, standard sperm, 244. 

balanoe and weight8,.245. 

corrections in consumption of, 247. 
Cannel, 6. 

and coal nuts, and slack or dross, 43. . -> ' 

and doals, analysis of, 5 to 42. 

weight of, per cubic yard^ 46.. 
Capacity, gasholder, 146, 147. 

of coal stores, 47. 

of tar and liquor well, 98. 
Capital of gas works, 801. 
Carbon in coal, 3. . ' = i . . 

in coal gas, 282. 

in retorts, deposition of , 88. ■ ■ ^ 
Carbonic acid, test for, ill, 116. 
CarbonHerouB series, 2. 
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Carbonizing, fuel for, 69. 

Carburetting condensers, 84. 

Caroel lamp, the, 266. 

Carr (W.) on cooking by gas, 269. 

Cast and wrought-iron gasholder tanks, 126, 129, 182, 141, 142. 

Castings of main pipes, 166. 

C/ast-iron pipes, 166 to 169. 

cost of laying, 176. 

weight and cost of, per yard, 178 to 186. 

weight of lead for jointing, 171. .'• 

Cast-iron retorts, 62, 68, 69. 

duration of , 69. 

Eraser's ribbed, 68. 
Cathels' washer, 92. 

Caustic soda and sulphide of sodium, purification by, 104. 
Cement, for joining ends of clay retorts, 66. 

for jointing retort mouthpieces, 66. 

for steam joints, 92. ^ ' 

for stopping leaks in boilers, 91. 

glue, to resist moisture-, 287. 

iron or rust, 66, 171. 

mastic, for buildings, 816^. - 

mortar, Portland, 128. . • i 

or luting for retort lids, 66. 

Portland, 128. 

Roman, 167. 
Centigrade thermometer compared with 'Faht«t^eit and Reaumur, 

86, 87. 
Centre and other change valves, 109. 
Chains, safe load on, 323. 

weight of, 323. 
Chandeliers and brackets, height of, 228. 
Change valves, 109. 

Changer, Cowan's automatic pressure, 164. 
Charging shovels, 67. 
Chemical and other memoranda, 294. '* ; 

common names of certain chemical substances, '296. 

elementary substances, 296^ 

expansion of liquids from 82° to 212° Fahr.. 298. 

luting, for experiments in chemistry, 298. 

specific gravity, weight and solubility in water, of 'vArfbtiii gaseR, 
297. 

specific heat of solids and liquids^, 299. 



3»i NEWBIOGINC^»S HAmJBOOK FCOR ' 



Chemical (continued), • . . . i » 

substances, simple and componnd, 296; 

water, memoranda relating to, 298. ' ■. 

Cherry coal, 1. .,:■'■>'■ 'i > ■■ 

Chief kinda of fodiO^X .- 

Chinmey stalks for retort houses, 57. 

rule for size of, 67. •; • : : 

Chlorine and durability test, 43. . i . .f • . j 

Choking of ascension pipes, L60j M ' > .« • 

Circumferences, &c., table of, 366. . ■: ? . 

Cistern for tar and liquor, elevated, 98. > . 

Classification of limestones, 104. 
Clay, fire, 316. . 

constituents of, 317. . 

Clay puddle, 129. . . , 

Clay retorts, 62 to 69. . ; 

temperature of carbonization withi .68. . 

thickness of, 66. 
Clay and iron retort settings, comiiined,! 69« . ■ :_ ; 
Clegg's continuous stoking mswshineryijB?. ....,.-.., 
Cleland's slow speed condenser, 80. .,,1 

and Korting's ste^m jet exhausteiT) '89. 
Coal, 1 to 49. , i.: 

analysis of, 1 to 49. , . . ^. . 

analysis of the ash of a good Newcastle, 4. 

annual consumption of, for gas purposes in TJnited^Eingdom, 47. 
, anliiiiaipite or glance, i 1,4^. ; 

ash in, 4 to 42. 

bituminous, 1, 46, 47. : ;, . 

" brasses " in, 48. 

brown or lignite, 1. 

carbon in, 3. . » 

chief ingredients of which it is composed, 3. , . • . 

chief kinds of, 1. 

coke, production of , from 6 to 42. , 

Cumberland, 21. .r L . ;i' • . 1. : 

Derbyshiro, 3, 21. •. :., ,.i,. ... .\ .',./. . ,. "... ' 

deterioration of, by exposure, 47, ( ....;; >•.,!•« 

gases occluded in^ 48. 

glance or anthracite^ 1, ^.v .♦,■... 

(^loBcestcirshire, 8, 3li < ■, ■ ,.,. .... 

hydrogen in, 3. 

ia izot climates, deterioration of, .'48* ~ 
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/Oal (continued). > 

iron pyrites in, 5, 48. 

Lancashire, 3, 21, 44. 

lignite or brown, 1. 

measures, area of , in the United Kingdom, 5. 

mixture of, with other sufoBtanoes, 29, 24, 25; 

nitrogen in, 3. ' 

Newcastle, 3j 4, 20, 44. 

nnts^i black and dix>B6, 43. 

oxygen in, 3. 

parrot or cannel, 1, 46. 

production of coke from, 3 to 44. 

products, 280 to 293. 

Scotch, 4. 

sheds, 47. 1 • 

Somersetshire and other, 4, 32. 

Staffordshire, 21. 

storage, 46, 47. 

sulphur in, 3 to 42. 

value of, in pounds of sperm, 46. 

volatile matter in, 6. 

Welsh, 4, 21, 80. 

Wigan, 44. 

yieM of sulphate of ammonia per <»ta, 274. 

Yorkshire, 21. 
oatiug and painting of gasholders, 146: ' 

of main pipes, 173. 
oke and brfeeaej 270. ' ' 

ash in, 6 to 42. 

breaking hammer, 270. 

breaking machinery, 270, 271. ' ' 

l)roduction of, from coal, 6 to 42. 

sulphur in, 3 to 42. 
oloured fires for illumination, 242. 

blue or Bengal, 248. 

crimson, 243. 

green, 243. 

lilac, 242. 

mixing the ingredients for, 244. 

purple, 242. 

r«d, 248. 

white Indian, 244. 

yellow, 243. 



( / 



1' 



■ I. -J . f 



I' 



I I ' 






..■III 



f • 



• . . ,, • . 






. .';''j: 1 1 > 



884 NEWBIGGINGKS HANDBOOK FOB 

Coloured glass, loss of light through, 231. 
Colours of high temperatures, 68. 

used in mechanical and architectural drawing, 333. t. 
Columns, height of lamp, 206. 
Combined settings of olay. and iron retorts, 59.. 

atmospherical and water condenser, ,81. 
Commercial and structural value, 332. 
Common names of certain chemical substances, 996. 
Comparison of Fahrenheit's, Beaumur's, and- titke Qentign^ ther- 
mometer, 86, 87. 
Compensating meters, 210. 

Hunt's, 211. ;. ; 

Sanders and Donovan's, 210. 

TJrquhart's " Beliance," 211. 

Warner and Cowan's, 210. 
Composite tanks, 139. 
Composition pipes, 233. 

Composition of gas lime, and its use in agriculture, 27d. 
Concrete and mortar, 127, 128, 129, 315. 
Concrete tanks, 127, 140. 
Condensation, 76. 

expansion of air and permanent gases by heat^ 78. 

extent of, 

loss of illuminating property in coal gas on exposmre to the 
temperature of freezing point, 77. 

mean temperature of ev^ry ten^ day in the year, 7a 

rapid or sudden as weU as excessive, 77. ; • . . 

relative effects of water and air as cooling ag«:its, 78, 

rules for calculating the area required for atmospberioal oondeii- 
satiou, 82. 

temperature as affecting registration, 77, 
Condensers, 79. 

Aitken and Young's analyzer, 84. 

annular atmospherical, 79. . 

area required for, rules for calculating, 82. 

battery or tubular, 82. 

bye-pass mains and valves for,,97. !. 

oarburetting, 84. 

Cleland's slow-speed, 80. 

combined atmospherical and water, 81. 

condensing surface at several London gas works (1871), 85. 

diy scrubbers as condensers, 83. 

Graham's horizontal, Bl. 
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densers {contirmed). ■ . \ 

horizontal atmospherical, 80. 

Kirkham and Wright's annular, 80. 

St. John and Bockwell apparatus, 84. - , , 

tuhnlar or battery, 8SL 

underground, 83. 

vertical atmospherical, 79. . 

Warner's annular, 80. 

WAter ohatmel, 84. 
idensible hydrocarbons, 71. 
iduoting heat, relative power of metals for, 822. 
meeting pipes for purifiers, 109. 
isumers' gas meters, 210. . . 

apparatus required for testing, 2^, 212. 

compensating, 210; . , 

dilatation of gas in contact with watear, 226. 

dry meter, description of thjS^ 210. 

effect of over-driving the meter wheel, 210. . . . : 

Hunt's meter, JUL 

inspection of, 211. 

percentage tables for testing, 213. . ^ 

protection of meters from frost, 211. 

provisions of " Sales of Gas Act, 1869," |ks tQ stampii^;, 210. 

sizes of meters desirable to be used, 211, 227. 

testing, 211, 213. .>..«; 

Urquhart's " Beliance " meter, 211.. 

Warner and Cowan's meter, 1210. 

wet meter, description of the, 210. 
itwm«t(ptlon and pressure, 166. , . , 

msumption of coal for gas purposes in the United Kingdom, 47. 
^nsumption of gas by one burner per month and for 12 momths, 

208. 
>nBumption of gas per mile of main, 301% 
>nsuinption of gas per head of popoUjtion, 301. 
>ntraction of cast-iron pipes in cooling, 169. . . 
x)king, use of gas for, 266. . < 
jpper bronze powders, 236. 

^rrections for temperature, pressure and moisture, 120, 246, 247, 260, 
263. , 

in consumption of gas and standard candle, 247. 
36t of gas per hour when burnt at certain r^tes, 307. 
ost of gas works, 300. 
ounterbalancing of gasholders, 144. .. . 

1^ i 
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Cowan's automatic pressure changer, 164. 

governor, 163. 

ventilating globe lights, 229. 
Crimson coloured fire, 243. 
Crosley's pressure and exhaust registers, 128. 
Cube roots of numbers, 839 to 864. 
Cubes of numbers, 339 to 364. 
Cubic foot measure, Beferees', 252. 

Cusiter's experiments on the absorption of the light-giving ootistiti 
of coal gas, 72. 

D retorts, 63, 54. 

Damp or wet coals, result of using, 6, 48. 

Damper to control draught, 56. 

Day and night, rule to find the length of, 207. 

Decimal system of w^hts and measures, 874. 

Deposition of carbon in retorts, 62. 

Derbyshire coals, 3, 21. 

Deterioration of coal by exposure to weather, 47. 

in hot climates, 48. 
Devices for public illuminations, 289. 

coloured fires, 242. 

illxmiinated borders, 242. 

prices of, 241. 
Devonian rocks, 2. 
Diameters, &c., table of, 366. 
Differential or district governors, 165. 
Dilatation of gas in contact with water, 226. 
Dimensions of the principal materials in gasholders in aotoaltwori 

149. 
Dip in the hydraulic main, 71. 
Dip pipes, 69. 

Dip-well for sealing pipes, 98. 
Disc for testing illuminating power, 244. 
Discount for early payment of gas bills, 829. 
District or differential governors, 165. 
Distance apart of public lamps, 206. 
Double retort benches, 49. 

Douglas's instructions for preparing concrete, 127. 
Draught and flues, 56. 
Drawing papers, sizes of, 383. 
Drip or syphon wells, 173, 174, 203. 
Drory'a main thermometer, 110.- 
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3SS or slaok, 43. 

jr meter, description of the, 210. 

f sorubbers as oondensers, 88. 

Y or stand-pipe wells for gasholder tanks, 129. 

long's experiments on the bumingo^ydrogen, oarbon, and carbonic 

oxide, 66. 
rability test, 43. 
ration of retorts, 58, 69. 

rths, natural slope of, 126. 

and rooks, weight of . varioas, 126. 
onomy of gas compared with other light giving materials, 304. 
go's method of scarfing retorts, 62. 
;eot of over-driving a meter wheel, 210. 

of ftmall and bad pipes and fittings, 227. 
3mentary substances, table of, 296. 
dvated tar and liquor cistern, 98. 
svating apparatus for purifying material, 106. 
igine and boiler, steam, 90. 

gas, 91, 266. 
litome of mensuration, 334. 
ans's analysis of coals and cannels, 26, 29. 
aporation from water-slide pendants, to prevent, 228. 
lis attending the use of small pipes, &c., 200. 
iunples of construction of gasholders, 149. 

of gasholder tanks, 132. 
:cavations for gasholder tanks, 126. 
iiausters, 88. 

advantages of using, 88* 

^derson's, 89. 

Beale's, 89. 

bye-pass mains and valves for, 97. 

Cleland and Korting's steam jet, 89. 

governor for, 90, 

Jones's, 89. 

Laidlaw's, 89, 

Methven's, 89. 

Musgrave's, 89. 

Paterson's (B. 0.) experiments with steam jet, 90. 

rotatory and reciprocating, 89. 
cpansion joints for main pipes, 172. 

of air and permanent gases by heat, 78. 

of liquids in volume from. 32° to 212° Fahr., 298. 
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Expansion of metals, 322. 
Experimental governor, 245. 
meter, 244, 252. 

Fahrenheit's thermometer ^jompsred with Beanmnr's and t^ Centi- 
grade, 86, 87. 
Faija on Portland cement, 128. 
Fiddes' analysis of coals and cannels, 26, 80. 

proposed standard light, 256. 
Fireclay, 816. 

constituents of the chief English and 'foreign, 317. 

retorts, 52. 
Fire or grate bars, 57. 
Fires, coloured, for illuminations, 242. 
Fittings, internal, 227. 

service, 199, 203. 
Flange joints for main pipes, 169, 172. 
Floor, retort house, 50. 

stage, 50. 
Flues and draught, 52, 56. 
Fluxes for soldering, 234. 
Force and velocity of the wind, 324. 
Fourth and fifth powers of numbers, 864. 
Forms, 329. 

authority to pay dividends, 381. 

certificate showing that income tax has been deducted, 381. 

declaration for loss of sealed shaare certifioates, 880. 

declaration of transmission of shares, from wife to hnsband, in 
consequence of marriage, 330. 

indemnity for loss of share certificates or dividend warrant, 330. 

of proxy, 331. 

renouncement of proposed liew isbue on the transfer of old 
shares, 329. 

renunciation of shares newly allotted, 329. ' 
Foulis's hydraulic stoker, 67. 

Frankland (Professor) on the volumes of various gases absorbed by 100 
volumes of water, 97. 

on variations in illuminating power, 257. 
Eraser's ribbed iron retorts, 58. 
Freezing point, loss of illuminating pToperty in coal gas on exposure 

to the temperature of, 77. . . 
Freezing of water in gasholder tanks, 144. 

of water in goyembr tanks, 164. 
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mch weights and measures, 874. 

>st, protection of meters daring, 211. • 

public lights during, 206. 
b1 for carbonizing, 59. 

tar as, 59. . ' 

maces, generator and regenerative, 60. 

retort, 57. 
fe's (Dr.) chlorine and durability test, 484 

Ivanized pipes, 199, 205, 206. 

3, absorption of the light giving constituents of coal, 72. 

and air, expansion of, by heat, 78. 

dilatation of, in contact with water, 226. 

loss of illuminating property in, oh exposute to the temperature 
of freezing poin4, 77. -• 

value of, per cubic foot in grains of sperm; 46, 
seous hydrocarbons, 71. 
see oC'Cluded in coal, 48. 

various, tiieir specific gravity, weight and solubility in water^ 
297. 
B engine, 91, 266. 
sholders, 144 to 162. 

capacity, 145, 147. 

counterbalanced, 144. 

dimensions of the principal materials In, 149. 

painting of, 14&. 

precautions to be observed in the working of, 146. 

pressure of, to ascertain, 149. 

recipe for coating, 146. . .' 

rise in the crown of, 145. • '" 

sin^e lift, 144, 149 to 154. 

telescopic, 144, 154 to 162. ' 

trussed and untrussed roofs, 145. 

weight of, to ascertain, 148. 
shol^fer tanks, 126 to 144. 

annular, 125, 142. 

Arson (M.) on masonry walls of, 196. 

asphalte or tar concrete and mortMr for^ 1S6, 1129; 

brick and puddle, IQS, 198. - 

cast and wrought-iron, 125, 129, 132, 141, 142.- • 

cement mortar for, 128. . >, 

composite, 139. 

concrete, 127, 140. A 



390 NBWBIGGING'S HANDBOOK FOR 



Ga,9ho\deriMnkB (continued). 

Douglas's instructioDB for preparing concrete, 127. 

dry weUs, 129. 

examples of construction of, 132 to 144. 

excavations for, 125. 

Faija on Portland cement, 128. 

hydraulic lime mortar for, 128. 

leakage of water from iron, 129. 

materials of which tanks are constructed, 126. 

natural slope of earths, 126. 

Pole (Dr.) on masonry walls of, 130. 

puddle, clay, for, 129. 

stone, 126, 140. 

thickness of walls of, 129. 

weight of various earths and rocks, 126. 

wrought-iron, 142. 
Gas lime, 278. 

its composition, and use in agriculture, 278. 

results obtained "by applying certain manures to land, 279. 
Gas Managers, golden rules for, 308. 
Gas meters, consumers', 210. 

apparatus required for testing, 211, 212. 

compensating, 210. 

dilatation of gas in contact with water, 226. 

dry, description of the, 910. 

effect of overdriving the measuring wheel of, 210. 

Hunt's compensating; 211. 

inspection of, 211. 

percentage tables for use in testing, 218. 

protection of, from frost, 211. 

provisions of Sales of Gas Act, 1859, as to stamping, 210. 

Sander's and Donovan's, 210. 

sizes of, desirable to be use.d>' 211, 227. 

testing, 211. 

to ascertain the number of lights a meter will supply, 227. 

TJrquhart's " Beliance " meter, 211. 

Warner and Cowan's, 210. 

wet, description of the, 210. 
Gas works, buildings and apparatus of a, 300. 

capital of , 300. 

conduct of a, 300. 

cost of, 300. 

desiga of, SOO. 
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A works (continued). 

ornamentation in, 300. 

site for a, 800. 
8- Works Clauses Act, 1871, on testing for illuminating power, 
245. 

on testing for parity, 112. 
nges, pressure, 128. 

coloured water for, 123. 

differential, 128. 

King's, 128, 246. 

Beferees', 254. 

to clean the glass tubes of, 123. 
aerator and regenerative furnaces, 57, 60. 

Siemens's, 60. 

Webber on, 61. 
iner on the distillation of Newcastle cannel for gas and oil, 48. 
uice or anthracite coal, 1, 46. 
iss, loss of light through, 231. 

for public lamps, weight and thickness of, 207. 
)be and sun lights, ventilating, 229. 
>bes and shades, loss of light through, 231. 
le cement to resist moisture, 237. 
ddard on scurfing retorts, 62. 
Id bronze powders, or aurum mosaicum, 235. . 
Iden rules for gas managers, 308. 
mcestershire coals, 3, 81. 
vemor, district or differential, 165. 

pressure and consumption, 165. 
pernor, exhauster, 90. 
vemor, experimental, 245. 
vemor or regulator for internal fittings, 23Q. 
vemor, station, 162. 

advantages of the, 162. 

Braddock's, 163. 

bye-pass mains and valves for, 97. 

construction of the, 162. 

Cowan's, 163. 

Cowan's automatic pressure changer for, 164. 

freezing of water in tanks of, 164. 

Hartley's improvements in, X63. 

Hunt's, 164. 

Peebles's, 168. 

jsteam stove for governor-house, 164. 
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Governor {continued}, 

valves as governors of pressure, 162. ' 

variations of pressure according to level, 164. 
Graduated bar of phcrtometer, 240. 
Graham's horizontal condenser, 81. 
Gravity, specific, and weight of various substaneess 826. 

to convert into Twaddel, 274. 
Green bronze, 234. 
Green coloured fire, 248. 
Grice's self-sealing retort lids, 67. 

H or bridge pipes^ 69. 

Hammer for breaking coke, 270. 

Handy multiplier for wrought-iron, 318. • ' 

rule for ascertaining the weight of gas in a holder, 266. 

rule for finding the content of a pipe in gallons and cubic fe^et, 198. 
Harcourt's proposed pentane gas standard light, 256. 

sulphur test, 112. 
Hartley's experiments on the loss of light through sheet glass, globes, 
&c., 232. 

improvements in station governors, 168. 
Hawkins's method of revivifying oxide of iron in sitUf 101. 
Heat-conducting power of metals, 322. 

expansion of air and permanent gases by, 78. 

specific, of solids and liquids, 299. 
Heating, use of gas for, 266. 
Heats of retorts, 58, 59. 
Height of brackets and chandeliers, 226. 

of retort house chimneys, 56. 
Hemp ropes, to find the weight of, 324. 

Henry's (Br.) table of quarHty of gas at different periodsof distillatioii, 64. 
Hills's experiments on purification by means of a^tnenia, 104. 
Hislop's practical analysis of Scottish oannel boAls, 88. 

process for calcining spent lime, 101. 
Holders, gas, 144 to 162. 

capacity, 145, 147. 

counterbalanced, 144. 

dimensions of the principal materials in, 149. 

painting of, 146. 

precautions to be observed in the working of," 146. 

pressure of, to ascertain, 149. 

recipe for coating, 146. 
riae in the crown of, 146. 
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Holders, gas (continued). ' 

single lift, 144, 149 to 154. 

telescopic, 144, 154 to 162. 

trussed and untmssed roofs, 146. 

weight of j to aseertain, 148. 
Holman's eccentric fastener for retort-lids, 66. 
Horizontal burners, objectionable, 228. 

condensers, 80. 
Hours, number of, during which gas is usually bl^mtj 209. 
Hughes's classification of limestones, 104. 
Hulett's service cleanser, 200. 
Hunt's compensating meter, 211. 

station governor, 164. 
Hydraulic centre valve, 108. 

Hydraulic lime mortar for gasholder tanks, 128. ' 
Hydraulic lute for purifier covers, 108. 
Hydraulic main, 70. 

dip in the, 71. 

size of the, 70. • ' 

the"Livesey,"70. 
Hydrocarbons absorbed by mdia-tubber tubing, 290. 

condensible, 71. 

gaseous, 71. 

volatile, 71. 
Hydrogen in coal, 8. 
Hydrometer, Beaum^'s*, ^76^ 

Twaddel's, 274. 

Illuminating power, 244. : ? 

and value of coals and gas in pounds (^ ip(e>rm, 45. 

apparatus for testing the, 244. 

Bxmsen photometer, 244. 

calculations for corrections in the cousumptidn of gkR and the- 

standard candle, 247. 
oancUiB bahLnee and weights, ^. 
corrections for temperature and pressure, 246, 250. 
disc for testing, 244. ' 

experimental governor, 245. 
experimental meter, 244, 252. 
from different coals and cannels, 19 to 42. 
graduated bar of photometer, 245. 

fhipiirii3es''8nd, 112*. ^M 

instructions of Befereeson testing fbr,'246. - ' J^r 
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lUuminating power {contirmed). 

Kirkham and Sugg's retrograde scale for jet photometer, 269. 

King's pressure gauge, 246. 

loss of, on exposure to freezing point, 77. 

loss of, through globes, shades, and flat glass, 231. 

Letheby-Bunsen photometer, 244. 

Lowe's jet photometer, 268. 

mode of testing for, 246. 

pressure and^ 2^ 

Beferees' cubic foot measure, 262. 

registration of observations, 247. 

standard burners for testing, 248. 

standard sperm candle, 244. 

statement of testings for, 249. 

statutory regulations for testing, 246« 

Sugg's illuminating "power meter, 260. 

Sugg's photometrical table, 266. 

thermometer and barometer, 246. 

Thorp and Tasker's jet photometer, 261. 

variations in the, 267. 

various proposed standards of light, 266. 
Illuminating power meter, 260. 
Illumination devices, 239. 

Brunswick stars, 239. 

coloured fires, 242. 

crowns, garlands, plumes, scrolls, &c., 289. . 

illuminated borders, 242. 

letters, single and double lined, 239. 

mode of supply and charge for gas, 238. 

service or suj^y pipesj 239. 
Illuminations, public, 238. 
Impurities and illuminating power, 112. 

in coal gas, 99. . 

tests for the detection of, 110. 
India-rubber tubing, absorptions of the hydrooaorbons by, 230. 

varnish for, 230. 
Ingredients, chief, of which coal is comi)osed, 3. 
Inspection of consumers' meters, 211. 
Instructions for preparing concrete, 127. . .■ 

of the London Gas Beferees, 116, 246,. . 
Internal fittings, 227. 

absorption of the hydrocarbons by india-rubber tubing, 230. 
Broy'fl yentilating^obe lights, 229. 
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ntemal fittings (continued). 

burners in the horizontal position, objectionable, 228. 

Cowan's Tentilating globe lights, 229. 

efFect of small and bad pipes and fittings, 227. 

handy mle for estimating the number of burners for lighting 
large buildings, 280. 

height of chandeliers and brackets, 228. 

lighting of ordinary rooms, 228. 

loss of light through shades, globes, and fiat glass, 281. 

Peebles's " Needle " governor burner, 230. 

pressure and illuminating power, 280. 

regulations as to, 227. 

regulator or governor for, 280. 

salad oil in water slide pendants, to prevent evaporation, 228. 

sizes and lengths of pipes for number of lights supplied, 228. 

sizes of meters for number of lights supplied, 227. 

Strode's ventilating sunlight, 229. 

Sugg's ventilating globe lights, 229. 

varnish to prevent the escape of gas through india-rubber 
tubing, 280. 

ventilating globe and sun lights, 229. 

ventilation of rooms, 229. 

"Wright's " Acme " regulating burner, 280. 
ron and brass, mixture for tinning, 284. 

breaking weight of ropes of iron and steel wire, 824. 

contraction of cast-iron in cooling, 169. 

corrugated-iron roofing, 821. 

fiat bar, 818. 

handy multiplier, for wrought, 318. 

hoop-iron, 821. 

lineal expansion of metals, 322. 

nuts and bolt heads, 322. 

round bar, 818. 

safe load on chains, 828. 

sheet-iron and steel, 819. 

square bar, 819. 

steel, 320. 

taper angle-iron of equal sides, 321. 

taper T-iron, 321. 

weight of a sphere 1 inch in diameter, 321. 

weight of a superficietl foot of iron, 320. 

weight of chains, 328. 

Whitworth's screws with angular threads, 322. 
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Iron gasholder tanks, 125, 129, 132, 141, 142.. 

leakages of watur from, 129. : 

Iron, lead, and composition x^pes foi^ internal 9Ui>plyi 22B. 
Iron, oxide of, puii&Sfltion by nieana of, 100, 101, 102, 108. 
lom. pyrites in coal, 46. 
Iron retorts, 62, 58, 69. . 

clayand, combined settings of, 59 

dimensions of, 58. 

dnratioa of, 59. 

Fraser's ribbed, 58. 

scnrfing of , 59. . ' 

temperature suitable for, 59. 

weight of, 68. 

Jot photometer, 258. . 

Lowe's, 258. 

Thorp and Tasker's, 261. 
Jet, steam, exhauster, 89» - 

Joimni^ the ends of olay retorts, cement lor, 66 
Jointing retort mouthpieces, 66. 
Jointing space in main pipes, 166. 
Joints of main pipes, 166 to 173. 

service-pipes, 199, 201. . 
Jones's exhauster, 89. 

Keates's moderator lamp as a proposed standard of light, 256. 
King's pressure gauge, 123, 245. 

King's (W.) table showing loss of light through glass shades or globes, 2S 
Kirkham and Sugg's improved Lowe's jet photometer, 268. 

retrograde scetle for jet photometer, 259. . 
Kirkham and Wright's annular condenser, 80. 
Kirkham, Hulett, and Chandler's washerz-sorubbeTj^?. 
Korting and Cleland's steam jet exhauster, 89. 

Lacquer and varnish, 236. .'<..; 

deep gold, 236. 
fine pale, 236. 
gold, 236. 

green, 237. J 

iron, 237. 

red, 236. . ; ■ 

fixmpie pale, 236. 
yellow, 2S7. .':. »' ; • 
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cquering brass work, 237. 

Ldlaw's exhauster, 89. 

Ening' experiments in purification by means oi ammonia, liO#. 

mp, the carcel, 256. 

Keates's moderator, 266. 
mp columns, 206. 

distance apart of, 206. 

height of, 206. 

size of pipe in, 206. 
mps, street, 206. 

average meter system for, 207. 

Bray's, 206. 

regulators for, 207. 

Siemens's, 206. 

Sugg's, 206. 

supply of gas to, 207. 

thickness of glass for, 207. 
ncaslure coals, 3, 21. 
w terms, 832. 

jTcock and Ciapham's washer-pc^bber, 97 
jrers of purifying material in purifiers, 108. 
id and composition pipes, 228, 238. 

lengths and weight per yard, 23B, 
bd paper, to prepare. 111. 
id, molten, 171. 

red and white, 170. 

weight of, for jointing mains, 171. 
id rings for jointing, 172. 
id service pipes, 199. 
ikage from boilers, oement for dtojiplng, 91. 

main pipes, 166. 

of water from iron gasholder tanks, 129. 

service pipes and fittings, 199. 
bses, terms for, 332. 

Lgth of day and night, rule to find the, 207. 
heby (Dr.), comlposition of liondoh gas (1866), 304. 

method of determining the specific graVity of gas, 262. ' 

on proportion of products from coal tar, 272. 

on purification of gas, 103. ^ 

on values of different illuminating agents^ 804. 
heby -Bunsen photometer, 244. 
s and lid fasteners for retorts, 66. . .] 

retort, luting for, 66. 
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Lids {continued). 

retort, Morton's and other self-sealing, 6d. 

purifier, apparatus for raising, 109. 
Lifting apparatus for purifier covers, 109. 
Light, loss of, through globes and flat glass sheets, 281. 

through mixing air with gas. 269. 
Light, standards of, 256. 
Lighting of large buildings, 230. 

of ordinary rooms, 228. 

pubUc, 206. 
Lights, coloured, 242. 

number of, supplied by different diameters and lengths of pipe, 
228. 

number of, supplied by different sized meters, 227. 

ventilating globe and sun, 229. 
Lignite or brown coal, 1. 
Lilac coloured fire, 242. 
Lime, Forstall's instructions for preparing, for the purifiers, 100. 

gas, or spent, 278. 

Hislop's process for calcining spent, 101. 

hydraulic, 128. 

preparation of, for purifying, 100. 

purification by, 100. 

quantity of, required to purify the gas obtained from caunel aud 
coal, 101. 

quick, 100, 106. 
Lime water, to prepare. 111. 

weight and measurement of, 106. 
Limestones, classification of, 104. 

their composition and specific gravity, 106. 
Liquids and solids, specific heat of, 299. 
Liquids, expansion of, 298. 
Liquor, ammoniacal, 273. 
Litmus paper, to prepare. 111. 
Livesey's analysis of coals, 26. 

experiments in purification by ammonia, 104. 

hydraulic main, 70. 

scrubber, 94. 

washer, 93. 
London argand Nq. 1. Sugg's, 248. 
London gas, composition of (1866), 304. 
London Gas Beferees' cubic foot measure, 362. 

instructions for testing, 116, 246. 



\ 
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jondon Ghis Beferees' (continued), 

preBsiir« gauge, 254. 

solphar test, 112. 
london gas works, condensing snrfaoe at several, 86. 
088 of illmninating properts^in oool gas on expostire to freezing 
point, 77. 

of light by mixing air with gas/ 267. 

through globes and flat sheets of glass, 281. 
ute or seal, depth of, for purifier covers, 108. 
uting for retort lids, 66. 

of joints in chemical experiments, 298. 

[achinery used for charging and discharging retorts, 87. 

used for coke breaking, 270, 271. 
Iain, hydraulic, dip in the, 71* 
[ainlaying, 178. 

appliances used in, 174. 

average cost per yard of, 176. 
ain pipes, 166. 

appliances used in laying, 174. 

average cost per yard of laying, 176. 

ball and socket joints for, 172. 

casting of, 166. 

coating of, 178. 

discharge of gas per hour through, 187. 

dimensions of sockets of, 168. 

drip or syphon wells for, 173, 174, 

expansion joints for, 172. 

flanged joints of, 169, 172. 

formula for calculating the weight of, 166* 

iron or rust cements for joints of, 171. 

jointing space in, 166. 

joints of, 166 to 173. 

laying of, 170, 173,176. 

leakage from, 165. 

metal of, 166. 

open joints for, 166. 

overweight in, 166. 

recess for lead in front of turned joint, 167* 

red and white lead for joints of, 170, 178. 

should be drilled, not cut, for insertion of service pipes, 199, 

testing of, 166. . 

turned and bored joints, 167, 168, 169. . . 
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yiaiaiplpeB (cofUinued). ^ . . ■ 

Upward's drilling apparatus for, 199. . 

vulcanized india-rubber joints for, 170, 17^ 

weight and tfost per yacd of* 178. 

weight ol lead required ioT.jmniuntg, 171. 
Mains, consumption of gas per mile of, 301. 

population per mile of, 90h 

rental per mile of, 301. 
Main thermometer, Droxy'B, 110. 
Malam's arrangement of purifiers, 106. 
Mann's scrubber, 95. 
Masonry tank walls, 130. 
Mastic cement for boildingB, 29. 
Materials in gasholders, dimensions of, 149. i 

of which gasholder tanks are constructed, 126* 
Mean temperature of every tenth day in the year, 78^ 
Measures and weights, 370. 

decimal system of, 374. 
Measure, Bef erees' cubic foot, 252. 
Measuring wheel or drum of a meter, 121, 122,: 210, 227. 
Mechanical and architectural drawing, ooloun used in, 883. 
Memoranda, chemical and other, 294. 

miscellaneous articles, 826. 

office, 327. 

relating to water, 298. 
Mensuration, epitome of, 834. 

approximate multipliers, 886w 

arithmetical and algebraical signs, 835. 

circle, cylinder, and sphere, 334. 

diameters, circumferenoee,- areas of oixclea, and sides of equal 
squares, 366. . : ' 

ellipses, cones, and frustums, 335. .• • 

evolution, or the extraction of roots, 3SS. . 

fourth and fifth powers of numbers, 364. . .' . ■ 

involution, or the raising of powers, 336. 

numbers, squares, cubes, square roots, cube- roots, and recipro- 
cals, 338 to 364. 

square, rectangle, and cube, 334. 

triangles and polygons, 385. 
Metals, expansion of, 322. 

heat conducting power of j -822. 
Meter, average system, for public lighting, 207. 
Meter, station, 121. ".' . j 
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Cetera, oonsumera', 210. 

apparatus required for tetting, 211» 212. 

oompensatiDg, 210. 

dry meter, description of the, 210. 

effect of overdriving a measuring wheels 210. 

Hunt's compensating, 211. 

inspection of, 211. 

percentage tables used in testing, 213. 

protection of, from frost, 211. ' • ' 

provisions of Sales of Gas Act, 1809, as to ftlamping, 210. 

Sanders and Donovan's, 210. 

size of meters desirable to be used, 211, 227. 

testing of, 211. 

Urqubart's ''Reliance," 211. 

Warner and Cowan's, 210. 

wet meter, description of the, 210. 
lethven's exhauster, 89. 

proi)osed standard of light) 266. 
[eyer and Playfair (Drs.) on the gases occluded in coal, 48. 
[illar's table of amount and specific gravity of gas at different periods 

of distillation, 68. 
[illboard for jointing flanges, 172. 
[iscellaneous articles, memoranda, 826. 
lixing of air and gas, effect of, 267. 
[ixing of the ingredients for coloured fires, 244. 
Eixture for tinning brass and iron, 284. 
[ixtures of cannel and coal, 23. 

coal and oth^r substances, 25. 

different coals, 24. 
[oderator lamp, Eeates's, 256. 
[oisture, corrections for, 268, 264. . .; ' 

glue cement to resist, 237. 
Coon's rising and setting, 207. 
[ortar and concrete, 128, 315. 

blue lias lime concrete, 127, 816. 

cement mortar, 128, 315. - i . 

coarse mortar, 816. 

hydraulic lime mortar, 128, 816. 

kind of, employed for tanks, 128^ 

mastic cement mortar for buildings, 816. 

Portland cement concrete, 127, 816. 

tar mortar and concrete, 188, 129. 
orton's self -sealing retort lids, 66. ^ 
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Motive power, use of gas |or, 266. 
Mounbings of retort bench, 51, 58, 70.. .. 

buckstaves, 51. . 

coke slaking apparatus, 51^ 

furnace ash panB». 68. 

hydraulic main, 70. 

lids and lid fasteners, 65, 66. 

retort mouthpieces, 64. ,....• 

Mouthpieces, retort, 64. . .:,.;•: 

Multiplier for wroughl-iron,. 818. .- j 

Multipliers for facilitating calculations, 818, 386. . -• ! .,-' 

Muriate of ammonia, 278^^88^ • ■■.'> .» :i •- •; •.. - 

Musgrave's exhauster, 89. . ;. i ■ • .» 

Natural slope of earths, 126. .•.:;»•.' 

" Needle " governor burner, Peebles's, 380. .. .. < i,-. 

New red sandstone, 2. .- i 

Newcastle coals and cannels, 8, 4, 20, 44* . . ' • . » 

distillation: o£, tot gab «nd oil, 48. 

produetion per ton of , 4^ r 

Night and day, to find the length of, 207. 
Nitrogen in coal, 3. 

Number of bricks in walls of difiCerent areas, 8X0 to 314, 
Number of burners required to light large. rooms, 280. 
Number of hours during which gas is usually burnt, 209. 
Numbers, squares, cubes, square joots, ctibe noots, and reciprocals, 888 

to 864. 
Nuts, cannel and coal, 43. 

• «- • • 

Objections to burners placed horizontally,. 228. . 

Obstructionof light by globes, and flat glass, 231, 332, . 

Odling (Dr.) on purification, 102. 

Office memoranda, 327. ...•:''' •. ... •• 

approximate multipliers, 336. . . ijijioj' 

arithmetical and algebraical. aJign^ 335.. 

authority to pay dividends, 331. 

books required in the keeping of a gas company's aooounto, 827. 

certificatep showing that incpme-tox has bee^ deduptf^, 881i 

colours used in mechanical /knd architectural dtBwing,.388f > 

declaration for loss .of 9e,aled share certificates, 880. . . • j ; 

declaration of transmission of shares, 380w : j -. 

discount for early payment (^ gap bills, 8SS9. . . • 

epitome of mensuration, 334. 
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fioe memoranda {continued},. 

French Tseightsaiad ttisuiirM, 874. 

indemnity for loss of share certificates or dividend wanuilt, ' 
330. . , ; • 

law terms, 332. . ♦?: - 

renouncement of proposed new issue on the transf^ ^f old 
shares, 329. 

renimciation of shares newly allotted, 329. ' ■ 

sizes of drawing paper, 333. •" 

structural and commeircial -vHltte, 882. ij: > .; 

terms for leases, 332. •' . . . ■ ■ • 1 . 

weights and measures, 370. ' '• i= . ■ v .;.;• 

Ten's experiments in cooking bjr ga«, flS*/. ' 

I, salad, to prevent evaporation from water slide pen^iktB,.i2to.' 
i red sandstone, 2. ."'.;•..,.•: 

namentation in Gas-Works, 300. . .. •! • 

al retorts, 53. ; •" ' - ' ' 

ens and retorts of fire bricks and tiles, 54. * ' ' 

idation of pipes, 173, 200. 
ide of iron^ 101, 102. 

average composition of native bog ore, 102. 

precautions required in using f reish, 102. 

purification by, 101, 102. 

spent, 277. 
ygen in coal, 3. 

Idon's washer-scrubber, 96. 

per disc for testing gas, 244. 

per, sizes of drawing^ JI88. ; • * t 

per, lead, to prepare. 111. ; i 

litmus, to prepare, 111. ..'. 

tnrmeric, to prepare, 111. ■ !• . 

rlby's self -sealing retort lids; 67. r 
Tot or cannel coal, 1. > 

person's (J.) analysis of coals and canuels;S4^ ' ' ' ' > 

arson's (B. O.) experiments with the steam jet oxhanster, 90. 
terson's (B. H.) discoveries in purification, 101 to 104. . 

on keeping gas in contact with tar, 72. 

rement, tar, 272, . . ii.i. 

let's. table showing the relative ^fCecto of water and air as oooliog . 

agents, 78. • ' * ; 

tbles's " Needle " governor burner, 230. / 

station govemox> 16,3. .. . V .i i'l^XA 

2 n ^ "" 



» 
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Pendants, evaporation from water slide, 228. 

Pentane gas, Harconrt's proposed standard light fromj 26d. 

Pennian series, 2. 

Photometer, Bunsen's, 244. 

illuminating power meter, Sngg's, 260. 

. Letheby-Btmsen, 244. 

Lowe's jet, 268. 

tables, 266. , 

Thorp and Tasker's jet, 261. ... 

Pipes and fittings, effect of small and bad, 227. 

sizes of, for internal supply, 228. 
Pipes, ascension, choking of , 69. 

brass, plain, spiral and fluted, 238. 

bridge. and dip,^ 69. 

connecting, for purifiers, 109. 

galvanized, 199, 205, 206. . 

lead and composition, 233. 

main, 165 to 186. 

service, 199, 203, 204. 
Playf air and Meyer (Drs.), on the gases occluded in «oal, 48. 
Pole (Dr.) on gasholder tank wallB, 180^ 
Population per mile of main, 801. 
Portland cement, 128. 

concrete, 127. 

mortar, 128. 
Pouillet's table of colours corresponding to high temperatures, 68. 
Powders, bronze, 235. 

size for, 235. 
Precautions required in the working of gasholders, 146. 
Pressure changer. Cowan's automatic, 164. 
Pressure, consumption and, 165. 

illuminating power and, 230. 

variation of, according to level, 164. 
Pressure gauges, 123. 

coloured water for, 123. 

differential, 128. 

King's, 12S, 24& 

Beferees', 264. > = i 

to clean the glass tubes of, 123. . .< 

Presi^ure and ^exhaust registers; 128« 

Crosley's, 123. 

Wright's, 124. 
Pressure and temperature, corrections for, 246,' 250. 
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Pressure of gasholders, 149. 

Pressures, flquAre root di; from l-lOth to 4 inches, 197. 

Price list of wrought-iron tubes and fittings, 204. 

Price's coal and coke barrow, 67. 

Producing power of various kinds of coals and cannels, to 44. 

Production of coke from coal, 6 to 44. 

of gas from coal, 6 to 44. 

per retort mouthpiece, 63. 
Products, coal, 280 to 293. 

residual, 270 to 279. 
Protection of meters from frost, 211. 
Public illuminations, 238. 

coloured fires, 242. 

devices for, 239. 

illuminated borders, 242. 

mode of supply and price of gas, 238. 

price of devices, 241. 

service or supply pipes, 239. 
PubUc Ughting, 206. 

average meter system for, 207. 

consumption of gas by one burner throughout the year, 208. 

distance apart of public lamps, 206. 

during severe frost, 206. 

galvanized pipes for lamp columns, 206. 

height of lamp columns, 206. 

number of hours during which gas is usually burnt, 209. 

rule to find the length of day and night, 207. 

size of service pipes, 206. 

Sugg's, Bray's, and Siemens's lamps and burners, 206. 

weight and thickness of glass for public lamps^ 207. 
Fuddle and brick gasholder tanks, 125, 183. 
Fuddle, clay, r29. 
Purification, 99; 

bog ore, average oompbsitioh of, l02. 

by ammonia in closed vessels, 104. 

by caustic ammonia, and carboua^ of ammonia, 104. 

by caustic soda, and sulphide of sodium, 104. 

by lime (oxide of calcium), 100. ' 

by lime, sulphide of calcium, and oidde of iron, 102. 

by oxide of iron, 101. 

olassificatioxi of thb best known limestones, 104. 

extraction of bisulphide of carbon, 103. . , 

Forstall's instructions for preparing li^e for purifiers, 100.- ''^ 
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Purification (contiwued). • . ' 

Hawkins's method of reyivification of oqdde of irpa in sUu, lOU 

Hislop's process lor calcining the spent lime, 101 r 

impurities in coal gas, 99. 

Letheby (Dr.) on, 103. ; -. 

Odling (Dr.) on, 102. 

Patterson's (B. H.) researches in, 101 to 101. 

precautions required in using fresh oxide of iron, 102. 

removal of impurities by condensers, washers, and scmbbera 
76 to 84. 

weight and measurement of lime, 105. . 
Purifiers, 106. 

apparatus for raising the lids or covers, 1()0. 

centre and other change valves, 109. 

construction and arrangement of, 10l». .. 

depth and best form of, 107. 

depth of water lute, 108. 

Malam's arrangement of, 106. 

number of layers of purifying material, lOiB. , 

rules for determining the size pf ^ 107. . . ^ . 

sieves, trays or grids for lime and oxide of iron, 10^. . 

size of connecting pipes, 109. ., 

water lute for covers and hydraulic centre valve, 108. 
Purifying house, 106. 

arrangement of, 106. 

ventilation of, 106, 
Purple-coloured fire, 242. i • - 

Pyrites, iron, in coal, 6, 48. 

Quantity of ash in coal, 3. 

brickwork in retort settings, 66. 

carbon, hydrogen, nitrogen, and oxygen in coal^»3» 

gas and coke obtained from coal and cannel, 6 to 44. 

gas per ton, and illuminating powei:,. relation between, 46. 
Quantity of sulphur in coal, 6 tOi 42. 

volatile matter in coal, 6 to 18, . 

Badiation from retort bench, 69. 

Bake for discharging retorts, 67* . 
Bapid or sudden condensation, 77. 

Beaumur's thermometer compared with Fahren^ejit, and t^ Centi- 
grade, 86, ^7 



aAB BNGtFTfefelJS AND MANAiMlftS. 407 



Reoiprooals of numbers, 889 to 364. 
Reoiprocatdng and rotary eixbitist#hi, 69;. 
Bed coloured fires, 248. 
Referees' oubie' foot measure, ddS. : ^i r : 

instructions of the, 116, 246. . 

pressure gauge, 264. 

sulphur test, 112. i- ■-,,.. • 

Regenerative and generator fum^es, 60. 

Webbron, 61. 
Registers, pressure and exhaust, 12S. 

Orosley's, 123. 

Wright's, 124. 
Registration as affected by temperature, 77. 
Regulating burner, Wright's "Aome," 290! 
Regulations, as to internal fittings, 227. .* . * 

statutory, ks to testMg, 112; 810^ 245. 
Regalator or governor for internal fittings, £90; " 
Relation between quantity of gas |)er ton, and illnminalting^ (sower, 46. 
Relative value of different coals and cannels, 4^. ' 

illuminating agents, 804. 
" Reliance" meter, 211. . 

Rental per mile of mains, 801. • 

Residual products, 270. ^ ' 

ammoniaoal liquor, 278. .. .-• >• » 

average percentage products obtained from coal tar, 272. 

coke and breeze, 270. ^ 

coke breaking hammer and maehih«^, 370, 271. 

ooke produced from? different doals,- 4 to 44t 

coke, weight of a chetldron of, 271. 

ooke, weight of, slaked and unslaked^ 271. 

retort carbon, 270, 282. 

Sellers on coke breaking, 270. ■'' < ' 

spent lime, 278. •; - ■ t 

spent oxide of iron, 277. ' ^ 

tar, 271. .■.-•:••• .-.'v. = 

tar pavement, 272. 

total production of tar in the United Kingdv>m, 271. - 

utilization of the tar, 271 . ■ 

yield of liquor and tfli^ per ton of coal^ 44, 47, 271. 

yield of sulphate of ammonia, 274. 
Retorts, 62. 

burning of clay, 58. *• = 

cast-iron, 62, 58, 59. • -t'' > . 
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ItetortB (continued), * . :.. * 

cements for joining clay retorts and moatbpieoes, 66. 

clay retorts, 62. 

colours corresponding to yarious high temperatures) 63. 

combined settings of clay and iron, 59. 

cost of settings, 58. 

different forms of, 58. 

dimensions of retorts and settings, 54, 57. 

duration of clay and iron, 58, 59. 

Edge's method of scurfing, 62. 

firebrick retorts and ovens, 54. 

flues and draught for, 66. 

Eraser's ribbed iron, 58. . 

fuel used for carbonizing coal in, 59. 

"gaiting'' retorts, 66. 

heat of retorts for efficimt parbonization, 58, 59. 

hints on the setting of, 55. 

*' letting down" and " standing off "of, 58. 

materials of which retorts are made, 52. 

quantity of brickwork in retort settings, 55* 

regenerative and generator furnaces for, 60. 

scurfing retorts, 62. 

setting of retorts, 55, 59. 

single retorts, 52. 

tar as fuel for, 59. i . . 

thickness of, 55, 58. 

" through " or double retorts, 54. 

usual number of retorts in an oven, 69. , . , 
Betort bench mountings, 58. 

ascension or stand pipes, 69. 

bridge and dip pipes, 69. 

buckstaves, 51, 62. 

cements for jointing retorts, mouthpieces, and lids, 66. 

coke slaking arrangement, 51, 52. 

furnace ash pans, 58. 

grate bars, 67. 

hydraulic main, 70. 

lids and lid fasteners, 66. 

Morton's and other self-sealing lids, 66. 

mouthpieces, 64. . , ■ 

tie rods, 52. v:. 

Retort house, 49. 

chimney stalk for, 67. 
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Befeort hoose (continued), 

olear spftoe in front of benches, 50. 

dimensiDnfl of, 49. 

paving of floor of, 50. 

roof of, 49. 

roia for the size of ohimneys, 57. 

stage floor, 50. 

ventilation of, 49. • 

Betort house tools and maohinery, 67. 

ash-pan rake, and shovel, 67. 

anger, 67. 

charging scoop, 67. 

Cleg's arrangement for ooniiniKMis cftrbonizatian, 67. 
• diB<diaxging rake, 67. 

Foulis's hydraulic stoker, 67. 

machinery for charging and discharging retorts, 67. 

Price's coke and coal barrow,^ 67. 

pricker and fire tongs, 67. 

Boss's steam stoker, 67. 

shovels, 67. 

Warner's stoking machinery, 67. 

West's stoking machinery, 67. 
Betort staek, 50. . ' 

baokstaves and tie rods for, ^2. 

bnttreos walls, 52. 

chimney stalk, 57. 

coke slaking arrangements on, .52. 

dimensions of, 61. 

main floe of , 52. 
Ring or annnlar tanks, 125, 142. 
Robinson's experiments in cooking by gas, 268. 
Rocks and earths, weight of varionfl, 126* ' • 

Roofs of retort honses, 49. -. . f -; -- 

Rooms, lighting of large, 230. 

ordinary, 228. 
Ropes, hemp and wire, 823. 

breaking weight of , 324. 

weight and strength of, 823, 324. 
Boflooe.(Dr.) on the proportion of products obtained from ooal tar, 272. 
Boss's steam stoker, 67. 

Botatory and reciprocating exhausters, 89. v. 

Bound ropes of hemp and wire, 323. ^ 

retorts, 53. i'. " . 
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Bnle for estimating nninber of burners for lighting hirgi^ btt^^r g^ 
280. .'■' .-• • ■" ■■ 

for roughly estimating amonnt of coal re^it^- 16 {irbdr.ce a 

given quantity of gas, 47. • 

for size of retort house chimney-stalk, 67. 
specific gravity being knawe, to find weight and ^tifth^y of gas, 

266. . - 

to ascertain the weight of gasholders, 148. 
to find the content of a pipe in gallbn^and ouMe i^ett, 190. 
to find the length of day and night, 207. 
to find the pressure of gasholders, 149. 
to find the weight of gas in a holder, 266. ■',■■ 
to fintttthslveigki iof hamp ropes^ 884. 
Bules for calculating the area required for alin^sspherioal condcinsation 
82. .:•■ .• •• . - -: 

purifying B«6»,107,i08-. i . - • 

to convert Fahrenheit int^ Beavmur and Oentigradey and con- 
versely, 87. 
for gas managers, golden, 808. 

St. John and Bockwell apparatus, 64. - 

Sal ammoniac, 278. .'- < ■ ' :■/ 

Salad oil in water slide pendants to prevent evaporation) 21118; ' 

Sales of Gas Act, 1869, provisions.of , jw to stampibg metei^, 210. 

Salubrity, comparative, of different illuminating agents, -806. ' 

Sand for mortar, 816. 

Sanders and Donovan's compensating gas-meter, 210. ' • 

Saturation, testing ammoniacal liquor by, 276. • • 

Scale for Lowe's jet photometer, Kirkham and Stkgg's, 95Cf* 

Scoop for charging retorts, 67. 

Scotch coal, 4. -''.-> i 

Scottish cannel coals, analysis by Hislop,- 83. : : 

Scrubber, 98. 

Anderson's combined washer and, 96i 

Barker's mill for distributing water in, 96. 

bye-pass mains and valves for, 97. 

dry scrubbers as condensers, 88. .!' - v - 

fillingmaterialfor the, 94.' • > . • . f 

Kfrkbadtn^'Httlfittfand Ohandlei-s ^* Standard " Waaher^donibber, 

Laycock and Claphanx's-'^ Eclipse ^/wadiier^iorabber) 07. : 

Livesey's improvements in th^ 94. 

MAun'Bf 95. .'■ ■ 
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number of Tolumes of yaxiotis gMos which 100 volumes of water 

can absorb, 97. 
open, 94. 

Paddon's washer-scrubber, 96« ' 

quantity of ammonifUNbl liquor dbtained to outlet of, 278. ' 
rule for determining the size of tower, 96. 
toweri 96. . 

water distributing appamton for the^ 96. 
Scurfing retorts, 62. < 

Self -sealing retort lids, 66. 
Sellers on coke breaking, 270. 
Separator for tar and ammoniacal liquor, 98.. . ' 
Service pipes and fittings, 199, 203. 

abrupt angles to be avoided in, 200. 

Barff-Bower process for preserving, 199. 

casing for, when laid in ground, 199. 

oast-iron, wrought-iron, and lead, 199. 

construction of, 199. 

diameter of, to supply lights at cevtaln distances froro mahts, iiO^, 

Hulett's service-cleanser,' fiOOr •, j • 

leakage from, 199. 

pitch of the Whitworth taps and dies for, ^1. 

price list of , 206. 

sizes of, for supplying, lights^ 200. . . . 

syphon or drip rwell ior, 20Q, dOa 

tinned or galvanized, 199, 206, 206. . i 

to calculate the required size of, 90l» 

uniformity in th« screws <ff threads ^, dedrable, 201 . 

Xrp^irard!8 drilling, apparatus foT) 199. 
Settings, retort, 66. 

Shades or j^lobesi loss ol light through, 231. 
Sheds for the storage of coal and cannQl„ 47. . i 

Shovels, retort-house, 67, .'■ ^■' 
Siemens's regenerative furnaces, 60. 

street lamps and burners, 207. 
Signs, arithmetical and. algebrtuoal;. 386. 
Silvering metal% mixture for, 236« . . 
Single-lift gasholders, 144, 149. 
Single retort benches, 49. 
Site for a gas works, 800. 
Size for bronze powder, 286f 
Sizes of drawing.^^aper, 883. 



as HEWBIGGIHG'S HANDBOOK FOR 

SIzM of mftinB, aervicea, i 
Avoided, and naei 
Slack or droaa, i3. 

Slaked and naalakad coke, weight ot, 371. 
Slaking MTangBinentB tor coke, 62. 
Slope ol «>iiliB with horizonUl line, natural, 126. 
Slow speed coudenaer, Clelond's, 80. 

Smith, Beaoook, and Tannett's coke breaking machine, 270. 
Smith (Graham) on mixing aahtia with lime (or mortar, SIS. 
Smithy asheg for mortar, 816. 
Soldering, flnies for, 234. 
Solders, 234. 

brazing, or spelter, Wt. 
ans, 234. 
for oopper, 234. 
glazing, 234. 
pewterert, 234. 
plnmbing, 284. 
steel, 234. 
SoUda and liquida, epeciflc heat of, 299. 
Solubility in water of various |tase«, 297. 
Solntiona, to prepare test, 117. 
Somersetshire coals, 4, 32. 
Somerville'a self-sealing retort lids, 67. 

and Thomas's coke-breaking maohlne, 271. 
Speoific gmvUj of coal, and to determliie the, 8, 44. 

o{g»8, aei. 

a test ol qntilty of gas, 261. 

Beaomf s hydrometer oompared with, 876. 

oorrectioni for temperstare, pressure, and moistnre in t(ikiiig,3i8. 

illmoinating power and, compared, 267. 

LethebT'B (Dr.) method of determining the, ot'gas, 96B, 

of ammoniacol liquor, fi7£. 

of RIMS at end of each hour of distillation, 63. 




egnare roots of. from -360 to '700, 197. 
rt Twadrtpl into, 274. 
ttltand aoluliility in water ol Tarions gases, 297. 
'AineCbod ol detsrmiiuugtbe.'Otgas, 966. 
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Specific heat of solids and liquids, 299. 

Spenoe's metal, for jointing mains, &o.y 171. 
Si>ent lime, composition and nse of, in agriculture, 278. 

Hislop's process for calcining, 101. 
Spent oxide of iron, 227. 

quantity of free sulphur in, 277. 

salts of ammonia and insoluble cyanides in, 277. 

Stephenson's apparatus for estimating the sulphur in/ 277, 
Sperm candle, the standard, 244. 

Sperm, value of coal and gas in pounds and ghune of, 45. 
Spiral and fluted brass tube, weight per foot, 238. 
Splint coal, 1. 

Spontaneous ignition of coal, 48. 
Square roots of pressures from 1-lOth to 4 hiches, 197. 
Square roots of the specific gravity of gas from '850 to *700, 197, 
Squares, &c., of numbers, 889 to 864. 
Stack, retort, 50. 
StaAoid^ire coals, 21. 
Stage floor retort houses, 60. 
Stalks, rule for size of retort-house chimney, 67. 
' Standard burners, 246, 246, 248. 

sperm candle, the, 244. 

unit of heat, 66. 

washer-scrubber, 97. 
Standards of light, proposed, 266. 

Fiddes's, 266. 

Harcourt's, 266. 

Keates's, 266. 

Methven's, 266. 
Station governor, 162. 

advantages of the, 162. 

Braddock's, 163. 

bye-pass mains and valves for, 97. 

construction of the, 162. i 

Cowan's, 163. 

Gowan's automatic pressure changer for, 164. ' 

freezing of water in tanks of , 164. 

Hartley's improvements in, 168. 

Hunt's, 164. 

Peebles's, 163. 

steam stove for governor-house, 164. • 

valves as governors of pressure, 162. . . r . 

variations of presaure according to lefrelk, 164. - • .^4^ 
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Station meter, 121. •.}■..• .:• -a' .;:■,-•:' 

bye-pas8 mains imi Tahres for, 97. r . . ' . . , 

oylindrioal-Mid i?eoihanyilar^ 121. :' >,•;:;: ^, -' 

moontings of, 122. ■ -i 

registering mechanism, 121. 

role to determine capacity pf, -J.22* 

tell-tale apparatHS, 121. 
Station pielier hoiiae, 120« , .:.. ..r 

Statutory regolations for testing, 112, 2IQ, i34lK . ;. > .i^j.. 

Steam boiler an4i-Qftgixi^^:9Q. .:.-..• ;••;..). ;'•,.' 

cement for metaUioj9iiitiP).99. ; 

cement for stopping leaks in boilers, 91. 

diameters of cylinders of steam-epgioiw, 91* . ^ .< 

horse power o4 steam iKji^frsi 91. ' ... 
Steam je^ e^hMi9tftr, 89, . i': ,; 

Paterson's (R. O.) experiments witli ♦hie, 90.. 
Steam stove for governor house, 164. 

Stephenson's apparatus for estimating the sulphi^r iqi $p«nt oqdd*, ^%- 
Stone gasholder tanks, 126, 140. 
Storage of coal and cannel, 46^ 47, ^. 

of gas, 146. i •. . -; . : 

tar and ammoniaoal liquor, 98. 
Storer and Pugh's lever handle for retort lids, 66. . ^ 

Storer (F. H.) on loss of light through flat she^ of. glass, 2ai». 
Stove, steam, for governor house, 164 . . * v 
Strength of ammoniacal liquor, 274. 

Strode's ventilating sun lights, 229. [_ 

Structural and commercial value, 332. 

Sudden or rapid condensation, 77. .. ._' . ,, , / ;:.:.' 

Sugg's illuminating power meter, 260. . :, lo n_ i* ; •, 

London argand. No. 1, 248. .i « .. ..;..., - 

photometer table, 266. ., ■ .- ..'m, :,i 

street lamps and burners, 2Q7. . ,; ;.. ,.5... .i 

ventilating lights, 229. 
Sulphate of ammonia, 273. 

yield of , per ton o€ coal, 274*. . ■. '. 1 

Sulphide of calcium, purification >y, 102. ■ . • .. . m;/. -i ^ • .j ■ 
Sulphide of sodium, and caustic sodfmp«fiJ&oa<A9>0, )>yi }0i, . t .^ 
Sulphur compounds in gas, test for the, 112, 118, 120. . j. 

Sulphur in cannel, coal, and coke, 3 to 42. ... «: . j 

spent oxide of iron, 277. .'.:.•.•:.. 
Sulphur test, the Beferees', 112n !; . 
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ns paid on the purchase of gas works by Local Authc^rijti^ ^&Z 
1 and globe lights, yentilating, 229. ..'. . : 

>hon or drip wells, 173, 174, 200, 203. i ;, . • 

iks, gasholder, 125. to 144.: 

annular, 125, 142. v . .[. .:> 

Arson (M.) on masonry walls of, 130. . , 

asphalt or tar concrete and mortAf for, L28, 129. 

brick and puddle, 125, 133. 

cast and wrougbt-iron, 125, X89» 132, 141, 142., , , , . -,,,, 

cement mortar for, 128. 

composite, 139. . h. . '. > 

concrete, 127, 140. . . : 

Douglas's instructions for prepi^ripg o^fiQr(^1^ If^l, 

dry wells, 129. 

examples of construction of, 132 to 144. j : 

excavations for, 125. 

Faija on Portland cement, 128. 

hydraulic lime mortar for, 128. 

leakage of water from iron, 129. 

materials of which tanks are constructed) 126. 

natural slope of earths, 126. 

Pole (Dr.) on masonry walls of, 130. 

puddle, clay, for, 129. ,. _ 

Btone, 126, 140. 

thickness of walls of, 129. 

weight of various earths and rocks, 126w 

wrought-iron, 142. 
.nks or wells, content of, for each foot in d^th, 99. 
jr and liquor separator, 98._ 
br as fuel, 69. ... 

ur, coal, 271. 

pavement, 272. 

products from, 272. 

utilization of, 271. 

yie>4 ot, per toi^ gi coa,l, 271. 
ir pavement, 272. 

formation of, 272. 

preparation of materials for,, 271^ 
ir well, 98. 

capacity of, for di^fo^c^t sized workis, ^, 

content oi circular wells^ lor each foojb.ifl d^pth, 99^ ^ . ^ .p 

dip- well for sealing pipes, 9^. ■ ■ . itt 



.u:: i; ■. :■; ., 
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Tar well {eontinued), 

eleyated cast-iron cistern, 98. 
tar and liqnor separator, 98. 
Tassie's self-sealing retort lid, 67. 
Technical quantities of miscellaneous articles, 396. 
Telescopic gasholders, 144, 154. 
oonnterbalanced, 144. 

precautions necessary in the working of, 146. 
Tell-tale apparatus for station meters, 121. 
Temperature and prei^ure, corrections for, 240, 960. 
as affecting registration, 77. 
for carbonization, 63, 69. 
of clay retorts, 63. 
of gas in the bridge pipe, 76. 
of gas in the retorts, 78. 
of iron retorts, 69. 
Temperatures, colours of high, 63. 
Terms for leases, &c., 889. 
Test, Beferees' sulphur, 112. 
Testing ammoniacal liquor, 274, 275. 
Testing illuminating power,' apparatus for, 244. 
Testing, instructions of the Beferees on, 116, 246. 
Testing of main pipes, 166. 
Testing of meters, 211, 218. 
Testing, statutory provisions on, 112, 210, 246. 
Tests for the detection of impurities in coal gas, 110. 
ammonia, 110, 117, 120. 
bisulphide of carbon, 118. 
carbonic acid. 111, 116. 
Gas-Works Clauses Act, 1871, on, 112. 
EEarcourt's sulphur test, 112. 
sulphur, 112. 

sulphur compoimds, 112, 118, 120. 
sulphuretted hydrogen. 111, 116, 116, 120. 
test solution^, to prepare, 117. 
Thermometer and barometer, used in testing illuminating power, 245. 
Thermometer, Drory's main, 110. 
Thermometers, comparison of different, 86. 
Thickness of the Birmingham wire gauge, 319. 
Thickness of gasholder tank walls, 129. 
Thomas and Somerville's coke breakihg machine, 271. 
STfaompson's (Lewis) Analysis of coals and cannels, 6 to 18. 
Tborp and Tosker's jet photometer, 261. 
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irough retorts, 64. 

nned or galvanized-iron pipes, 199, 205, 206. 

nning iron and brass, 234. 

>ols, retort house, 67. 

>WQr scmbbers, 93. 

•ays or grids for purifiers, 108. 

*ias, Permian, and Carboniferous series in England and Wales, 2. 

ruBsed and untrussed gasholder roofs, 146. 

ibes, brass, weight per foot, 233. 

wrought-iron fittings and, 203. 

prioe list of, 204. 
ibular or battery condenser, 82. 
ormeric paper, to prepare. 111. 
limed and bored joints for main pipes, 167, 168. 
waddel's hydrometer, 274. 

to convert into specific gravity, 274. 

nderground condensers, 83. 

niformity in the screws or threads of pipes and fittings, 201. 

nit of heat, standard, 66. 

ntrussed and trussed gasholder roofs, 146. 

pward's drilling apparatus, 199. 

rquhart's " Reliance " meter, 211. 

se of gas for cooking, heating, and motive power, 266. 

advantages of the, 266. 

Carr (W.) on the, 269. 

Ohren's experiments in, 267. 

Robinson's experiments in, '268. . 

Woodall's experiments in, 268. 
sefiil information, relating to gas works, gas apparatus, gas manu- 
facture, and supply, 300. 

buildings and apparatus of a gas works, 300. 

calorific power of various photogenic compounds, 306. 

capital of gas wofks, 301. 

comparative salubrity of illuminating materials, 306. 

comparison of gas with other light-giving materials, 304. 

conduct of gas works, 300. 

consumption of gas per mile of main, 301. 

consumption of gas per head of population, 301. 

cost of gas per hour at different prices and rates of consumption, 
307. , . 

cost of gak 'V^orks, 300. 

golden rules for gas managers, 308. 

2 E • ^ 
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Useful information (continued). 

London gas, composition of, 304. 

ornamentation in gas works, 300. 

popiilation per mile of main, 301. 

relative cost of the magnesium light, stearin candles, and gas, 
306. 

relative cost of various illuminating ctgentS; 30S. 

relative proportions which ordinary light-giving materials bear 
to 1000 c. ft. of gas, 305. 

relative value of different illuminatmg agents, 304. 

relative value of illuminating agents, in respect of their Bating 
and vitiating effects on the atmosphere, 305. 

rental per mile of main, 301. 

site for a gas-works, 300. 

sum paid for each JBIOO of share capital for gas undertakings by 
Local Authorities, 302. 

time in which the yearly consumption of gas is doubled at dif- 
ferent rates of increase, 301. 
Usual annual increase in gas consumption, 301. 
Usual dimensions of bricks, 308. 
Utilization of tar, 271. 

Value of different coals and cannels, relative, 46. 

of coal per toii in pounds of sperm, 46. ' 

of gas per cubic foot in grains of sperm, 46. 
Value, structural and commercial, 332. 
Valves and bye-pass mains, 97. 
Valves as governors of pressure, 162. 
Valves, centre a,nd other change, 109. 
Variations in the illuminating power of gas, 267. 

of gas pressure according to level, 164. 
Varnish and lacquer, 236. 

golden, 237. 

for india-rubber tubing, 230 

for iron- work, 237. 

for out-door wood work, 237. 
Velocity and force of the wind, 324, 
Ventilating globe and sun lights, 229. 

Ventilation of purifying house, lOS. . , 

Vertical atmospherical condensers, 79. ' 

Vitiating effects on the atmosphere of various Illuminating agents, 806. 
Voelcker on gas lime, and its usf in agriculture, 278. 
VoJatiJe hydroc&rbona f 71. 
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olatile matter in ooal, 6. 

snlphnr in, 6. 
olume of aqneons vapour in gas in contact with water, 264. 

various gases whioh 100 volumes of water will absorb, 97. 
olcanized india-rubber joints for main pipes, 170, 172. 

''alls, thickness of gasholder tank, 129. 
Tamer and Cowan's meter, 210. 
Tamer's annular condenser, 80. 

stoking machinery, 67. 
Tasher and scrubber, Anderson's combined, 96. 
Tashers, 92. 

advantages of using, 92. 

Anderson's, 92. 

Anderson's combined washer and scrubber, 96. 

bye-pass mains and valves for, 97. 

Cathels', 92. 

Kirkham, Hulett, and Chandler's washer-scrubber, 97, 

liaycock and Clapham's washer-scrubber, 97. 

Livesey's, 93. 

Faddon's washer-scrubber, 96. 
''ater, dilatation of gas in contact with, 226. 

leakages of, from iron gasholder tanks, 129. 

memoranda relating to, 298, 

prox)ortion required for scrubbing purposes, 95. 

and air as cooling agents, compared, 78. 

and atmospherical condenser, combined, 81. 

channel cdndenser, 84. 

distributing apparatus in scrubbers, 95. 

in governor tanks, freezing of, 164. 

in lutes of telescopic holders, freezing of, 146. 

its power of absorbing ammonia, 94. 
Tebber on regenerative and generator furnaces, 61. 
height and specific gravity of ammoniacal liquor, 275. 

brass tube per foot, 233. 

coal and cannel per cubic yard, 46. 

composition and lead pipes, 233. 

gasholders, 148. 

gas in a holder, rule to ascertain, 266. 

hemp ropes, rule to find the, 324. 

specific gravity and solubility in water, of various gases, 297. 

various earths and rocks, 126. 

various sections of iron and other metals, 318. 
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Weights and measures, 370. 

French decimal system, 374. 
Well, dry, for gasholder tank, 129. 
Welsh coftls, 4, 21, 80. 
West's stoking machinery, 67. 
Wet meter, description of the, 210. 
Wet or damp coal, result of nsing, 5, 48. 
Wheel or measuring drum of a meter, 121, 122, 210. 
White and red lead, 170. 
White Indian fire, 244. 
Whitworth's scre-ws, 822. 

taps and dies for gas tuhing, 201. 
Wigan cannel and coal, production per ton of, 44. 
Williams (Greville) on proportions of products from coal tar, 272. 
Wills's method of testing ammoniacal liquor, 275. 
Wilson on the results obtained by applying certain manures to land, 2^ 
Wind, velocity and force of the, '824. 
Wood casing for service pipes, 199. 

Wood's (A. H.) table showing light obstructed by globes or moons, 23 
Woodall's (H.) experiments in cooking by gas, 268. 
Wright's " Acme " regulating burner, 280. 
Wright's method of determining the specific gravity of gas, 265. 

pressure register, 124. 
Wright and Eirkham's annular condenser, 80. 
Wrought-iron gasholder tanks, 125, 129, 182, 142. 
Wrought-iron, multiplier for, 818. 
Wrought-iron tubes and fittings, 199 to 205 

Yellow coloured fire, 248. 

Yield of gas and coke of various coals and cannels, 8 to 44. 

Yield of sulphate of ammonia per ton of coal, 274. 

tar per ton of coal, 44, 47, 271. 
Yorkshire coals, 21. 

Young's experiments on the condensation of the hydrocarbons, 72. 
Young and Aitken*s analyzer, 84. 
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ESTABLISHED 1944. 

:o: ■ 



THOMAS GLOYER & CO.'S 

- - • I 

PATENT 

DRY GAS-METERS 

Are a Remedy fot all the Defects of Wet Meters; 
Are suitable fer all ^tiinsKtes, whether Hot or Cold; 
Ho Loss of Gas by Evaporation; ^ 

Cannot become fixed by Frost, however severe ; 
Are the most accurate and unvarying Measurers of Gais; 
Prevent Jumping and unexpected Extinction of the Lights ; 
Cannot be tampered with without visibly Damaging the 

Outer Case; 
Are upheld for Five Tears without tSharge. 



T. G. & Co. HAVE MADE UPWARDS OF 580,000 OF THESE 
METERS, AND HAVJfi^EEN AWARDED THE 
FOLLOWING MEDALS :— 

London • . . . 1851 I London . . . . 1862 



New York 



1851 


London . 


1853 


Dublin . 


1855 


Paris . 



1865 



Paris .... 1855 Pans .... 1867 

ThelaUer being the highest award for Dry Qaa-Meiere. at the 

Paris Exhibition^ 1867, 



214 to 222, ST. JOHM STREET, GLERKENVELL 6REEH, 

LONDON, E,0. 
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kOrting Bros., 




E. KORTING'S 

STEAM-JET 

GAS EXHAUSTER. 

Improved CLELAHD'S PttuH. 

L Con — CoHFioTlnu — tunciLV 
J- Junaa — eaLr-ltKenuTom— - Sbt- 



Sole Iiicauett for 

AV. CLELAND'S 

PATENT 

^lofo-^pttb- <Eonbtmut. 

Sola JActnMBM far 

W. CLELAND'S 

PATENT 

CawMjiinti Mull iiul aui Uwrnvk ^Mmn. 
viik abteiut of any mttXa^AeaX wtmm ^ 



KORme BBOS., 17, UHOI«\a WWJit, *M«SHE8TEI. 



GAS BNOmEEUS AKU MANAGERS. 8 

FOUR KORTING-CLELAND 

PATENT STEAM-JET GAS EXHAUSTERS, 

ERECTED AT THE 

.eORPOnATION GAS-WORKS, ROCHDALE RD., MANCHESTER. 



■Working on one 
24 -in. Male, pasa- 
ing 5 Million 
Cubic Feet la 21 
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KORTING BROS., 

(gngintcrs, 

KORTING'S 
STEAM-JET LIQUID ELEVATOR 




Emptying Gasholder Tanks. 
Lifting Water from a Well. 
Raising Sulphuric Acid, Ac. 



kSrting's water-jet pump 

Emptying Gasholder Tanks. 

Quenching Coke. 

Draining Flooded Cellai-s, &c. 



E. KORTING'S 

PATENT 

UNIVERSAI^INJECTOR. 

Made to Lift 34 feet. 

Feeds with Hot or Cold Water. 

Works with High or Low 

Pressure. 



m'/iTim BROS., 17, LMiOksiffi mmi, «hnche8te«. 
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GWYNNE & £0., i 

SOIiE MAKERS OF 

GAS EXHAUSTERS, 

WITH 

GWYNNE & BEALE'S PATENT IMPROVEMENTS, 

AND OF 

GWYNNE'S PATENT 

HOir^FLtrcTtrATiira EXEAustias, 

THE ONLY KNOWN MEANS OF OBTAINING 

A PERFECTLY STEADY GAUGE. 

ALSO HAKEB8 OP 

Inlet, Outlet, and Bye -pass Yalves, Hydraulic Regulators, 
Compensators, Yacuum GoYemfffs, Ganges, 

OU Pumps, Ac. 



HIGH-PRESSURE ft CONDENSING 

STEAM-ENGINES, 

COMBINED on SAME BED-PLATE with SXHAUSTEBS, PDHFS, Ac. 

WATER, TAR, d AMMONIA PUMPS. 
GWYNNE'S PATENT CENTRIFUGAL PUMPS', &c. 

GIRARD'S PATENT TURBINES. 



For Catalogues and Pull I^arfinilars, apply to 

ESSEX STREET WORKS, 

Victoria Embanlcmentj Lonofon, W.C, ' 
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.T . B E A L E ' S 

•«|cJ^EW•^P?I!fElViF*an3*EX]^Ha?lEI!.«■ 



, B. DONKIN & GO, 

SOUTHWARK PARK ROAD, BERMONDSE^ 

LONDON. 
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J. & J. BRADDOCKr 

O Ij D H[ A ]Vd:, 

MANUrACTUBEBS OF 

IN fiECTANQULAR CASES, 

IHTH PLANED JOINTS to BEGISTEB, fbok 10,C00 to 260fiOb 

Cubic Feet peb Houb. 

ALSO IN CYLINDRICAL CASES, 
To BEGISTER up to 80,000 Cubic Feet peb Houb. 

BRADDOCK'S 

PATENT COMPENSATING GAS GOVERNOR, 

THE MOST EFFECTIVE AND RELIABLE MADE. 

More than 150 of these Governors have been ahready supplied of 

various sizes up to 30-inch Inlet. 



CONSUMERS' 

WET & DRY GAS-METERS. 

PATENT COMPENSATING WET METERS. 
METERS witb VASHER and COVAN'S PATENT DRUIS. 

PBESSUBE AND VACUUM BEGISTEBS, 

GAUGES, TEST METEES, TEST GASHOLDEBS, 

EXPERIMENTAL METERS, MOTIVE -POWER METERS, 

MAIN TAPS, LAMP TAPS, WATER TAPS, 

STREET LAMPS, SYPHON PUMPS, MAIN THBBMOMECTRS^ 

HYDROMETERS, POCKET GAUGES, GAS TONGS, 

&o., Ac 



ILLUSTRATED LISTS, POST FE1I&,0¥1 lk!re\AK>V:£\SSS.. 



H NiiWBJOGING'S HANE^BOOK FOR 



55, 55a, & 56, MILLBANK STREET, 

LONDON,' S.W. 



"DET" AHD »W£T " . GAS-METEBS, 



-i« »- 



STATION M ETEBS dBTATtON GO VERNORS. 

Jones's Throttle-YalYe Station GoTernors, 

Jones's "Differential" District GoYernor. 

These two InstrumentB are most simple and efficient. 
The '* Differential " is the heat Distriot Oovernor yet invented, 

STANDARD 

LETHEBY PHOTOMETERS, &c., 

And every Instrument necessary for ascertaining • 

THE ILLUMINATma FOWEB AND PUBITT OF GOAL OAS. 

SOLE AUTHORIZED MAKERS OF 

METHVEN'S 
Mr, VERNON HARCOURT'S 

^ PETROIEDM OR AIR GAS PHOTOMETiUC STANDARD, 

As used by the Committee on Photometario Standards. See Joubnai. of Ga« 

LiOBTiNO, Nov. 1881, p. 768. 



METERS for the " AVERAGE SYSTEM " of REGULATORS, 
LANTERNS, POSTS, TORCHES, &c., as supplied in London and 

the Provinces. 



aAS*MBmreOTG_APPABATtra ■ 

£XHAUST RcGUUTORS, PRESSURE ANO EXHAUST REGISTERS; REIISTERINB, KING'S, 
AND EVERY KIND OF PRESSURE GAUGE FOR GAS OR STEAM. 

LISTS ON APPI^TCi^TLONw , 



GAS ENGINEEES AND MANAGERS. » 



FERRAND DAVIES, 

' 148, GRESHAM HO USE, 
OLD BROAD STREET, 



LONDON, E.C. 



St^tii'i 5'of( 



MEWTON, CHAMBERS, & CO.'S 



AND 



THOMAS BARR'S 

LESMAHAGOW 

MAIN CAN N EI.. 



•»c- 



\ 



• * 
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NATIONAL STANDARD GASOMETERS, 

' ASa MAHUVAOFORXES He 

nRSTDEeREEOFMEIIIT. 
Gold Medal. SPECIAL,, Gold Medal. 




^NELABH WORKS, RO'lUi kN^'S^^, GHBLSEA, 
LONDON, S.N\. 1 
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WILLEY & COi 

COMMERCIAL ROAD, EXETER, 

Manufacturers of Every Descniption of 

GAS APPARATUS. 



OASH0IiDEBS» TexiEsoops and Sinole-Lift, any size; acme -of 
the largest in the Kingdom erected by this Firm, giving the highest 
satisfaction. 

PLANS .\ND SPECIFICATIONS furnished for Extensions and 
EniiAbqement oi existing Wobkb, adapting them to the most 
Impboyed and Modern Principle of Gas Manufacture. 

PURIFIERS, CONDENSERS, WASHERS, ENGINES ani> 
BCTL&.tJSTEBS, STATION METERS and GOVERNORS, manii^ 
f aciured and exected. 

Makers, by permission of that eminent authority, Mr. GEORGE 
LIVESEY, of his CELEBRATED PATENT WASHER, highly 
approved by all the Engineers of Works where adopted. Largely in 
demand. 

Special reference and attention are invited to oar 

• WET AND DRY METERS, 

Which have acquired a high reputation for the excellence of 
Materials and Workmanship, their DURAsniiTY ' and accuracy of 
Register guaranteed. They are used by several of the Jjondon P;^ 
OaMPANiES, and over 200 Pbovinciaii Gas Cosipanieb in the Unitidd 
Kingdom. 



Prioe Lists, Spectflcatlons, and Estimates provided tor any 
"Work appertaining to Gas Lighting, from the Retort-House to 
tlia.firawing^l^om. ■■. .'C '. ' 
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WILLIAHS, MACPBERSOK & CO., 

WHITE LEAD, 

COLOUR AND VARNISH MANUFACTURERS. 



AND 

GREASE MANUFACTURERS, 



SOLE MAKERS 



OF THE 



METALLIC OXIDE PAINTS, 

SPECIALLY MADE 

FOR USE IN GAS-WORKS. 

Resists Sulphuretted Hydrogen and all 

Foul Gases. 



WILLIAMS, MACPHERSON & CO., 

VICTORIA PAINT MILLS, 

]Sd:AisroH:E ster. 



LONDON: 2, aiKE&HAKL BmLDINGB, B.C. 
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KISKTTAM, HtTlETT, & CHAHDIEB'S 

PATENT "STANDARD" 




That this Machine has. established its repu- 
tation as the most effective Apparatus yet 
introduced for the Extraction of Ammonia from 
Gas, is shown by the Gas Companies who 
have had them in operation for some years, 
continuing their orders, and by their beinf» 
(extensively used in Foreign Coimtries. 



for Particulars, apply to the Company's Office, 

59 & 60. PiUCE CHAVBERS, BRME ST., WESTHISSTER, 
LONDON, S.W. 
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" J, BUEEBOEOTOH 4 SOHS, 

-»-:^ Yalbe Psmufncturers *-«- 
BRIGHOUSE, YORKSHIRE. 




IMPltOVKDIWUBLK-FACJiU StHilW SLUICE GAS- VALVES, 
IHTEKNAL AND EXTERNAL BACK AND PIHIOK 

GAS-VALVES, with Steel PraioBB. 
BRIDGE VALVES ron Hydkaulic Ma:kb. 
SELF-ACTING BYE-PASS VALVES. 
SPECIAL VALVES & COCKS mm Amhonucu, Liouok. 
DHY-FACF-n CENTRE AND BYE-PASS VALVES. 
PILLAR INDICATORS, SYPHON BOXES. PUMPS, *r. 
REOULUS C00K9, ftc. 

lEW PiTEliT DRI-FlCEDlEllTffl CHiSCE YAIYES 

FOR PURIFIERS, 

VhenbT &U {"our. or "if HtuaUet number oi FnrtlliM, nuj be vorked M oncn 

or uiT one sbot oN for alcuning; Ihni utUiiing all tha Pturl. 

All QoB- Valves Mstod with Air to 30 Iba, on Qte *qiiar« liuA. 

Prtc» and PariioiiUirt en appUeatiiM. 

MASBBB kiso at ALL KINDS ot TILTKB for WATIB, STIAII, fte., **■ 



ItAS K\'<iINKKKS , 



HUNT'S 

PATENT COMPENSATING METER, 

Fluid with PAMimOH'S PATCHT 

THREE-PARjmON DRUM, 

p E r"f i; c T 

MBASTJBEB OI' GAS. 




STATION METERS 

Of AI.I. Subs, umequillid riiB Fbghdok ot Actiok me DuiuBii.:Tr. 

STATION QOVERNOBS 

Or IHK MOST SlI(ri.E, EiriCIKKT, AKD ElIOAKT COKSTHUCtlOM. 

PRESSURE AND EXHAUST REGISTERS, 

EXHAUSTER REQULATOR3. MOTIVE POWER METERS,^ 

TEST GASHOLDERS, 

EXPERIMENTAL APPARATUS, QAUQES, ttC. 

v. PIBIUSOH » Co., COnACE LUE, CTTT lOlD, Ultm. 

ESTARI.IBHED ISIS. 
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FLETCHER'S 
GAS HOT-PLATES. 

ALL HIZKH AHD SHAPES FOB ALL THE BEOUIiAB - 
PAITEHNS OF OPKX KAXOE, LEAMIXGTOS, AJtIEBICAJt, 

OH SCOTCH STOVKH, , 




THE OVENS OF ANY FIRE RANGE 

Can be Bupjilied sIho, with a Kiniple, cheap, and efficient Gti 

uraDgcmi'nt, which can be fixed or removed in one minnte, withont 

alteration of landlord's tixtttree, and ased either alone pc hb in 

HuuiHlanoe to a coal fire. 



See Complete Lists of Domestic and Laboratory Apparatah 

mos. rarciER, wsGiii street, wuiiiiigtoii. 
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FLETCHER'S PATENT COOKING-STOVES. 




^i:t,Ow>«:». .._■ 
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DI DIE R'S 

atent llegmerating ^uxmm, 

PATENTED IN GREAT BRITAIN AND IREIiAND, 

Have been largely introduced in Europe and Amerioa 

BY THE 

STETTINER GHAMOTTE FABRIKACTIEN 
GESELLSGHAFT V0RMAL8 DIDIER, 

STETTIN, GERMANY, 



These Furnaces are more extensively used than any 
other Eegenerating System yet invented; giving most 
excellent working results, and combining cheapness of 
plant with greatest durability. 

Their Eegeneration is pei*fect, and tlierefore gives 
great advantages in the economy of fuel. 

Inti'oduced and in use in all large Continental Towns, 
giving entii'e satisfaction. 



AU further particulars on application to our Agent far Grea4 Britain 

and Ireland, 

CARL FRIEDLEBEN, 

1, BUTE VILLAS, SAliSPELD EOAD, 

UPPER TOOTING, 

J^ O N 1> O N, S. W. 
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STETTfflER CHAMOTTE FABRIK ACTIEK 
GESELLSCHAFT yorm. DMR, 

STETTIN, G E R MAN Y. 

MUNICH GENERATOR FURNACE, 

Sfstem, Dr. SCHILLING and Dr. BUNTE. 

PATENTED IN GREAT BRITAIN AND IRELAND. 



Best Regenerative Furnace yet invented. 

Most Regular Heat. 

Greatest Production of Gas per Mouthpiece. 

Most Complete Regeneration. 

Greatest Saving in Fuel. 

Greatest Economy in 'Working. 

Great Durability. 



For Pai'ticulars, apply to 

O. PIHIj, Jun., 

AGENT FOR GREAT BRITAIN & IRELANP, 
29, GUILFORD STREET, RUSSELL SQUARE, 

LONDON, W.C. 
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W. C. HOLMES & CO., 

GASHOLDER MAKERS, &c. 



SOLE MAKERS 



OF 



THURSTON'S SCRDBBER-f ASHER 

AVhich requires no Power, causes no 
Back Pressure, and yields Results 
which are Unsurpassed . 

Full Partwnldrs, Drawings, and References an applicatUm, 



W. C. HOLMES ife CO, are l^ge Makei-s of 
GAS VALVES ; all leading sizes of which are 
kept in stock. 



WHITESTONE IRON-WORKS, HUOOERSFIELD. 

London Offices : 80, Cannon St., E.C. 
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HUTCHINSON BROS., 

6AS ENGINEERS AND CONTRACTORS, 

(Electricians, 
CHEMICAL PLANT MANUFACTURERS, 

AND 



SULPHATE OF AMMONIA PLANT 

Erected complete to our own or Engineer's Designs. 

llnisance avoided. Noxious and Waste Gases utilized. Gnaranteeel 
to meet requirements of the new " Alkali Act.'' 

Beferences given to Warka using Plant erected by ua. 



IRON STILLS, LEAD SATURATORS AND TANKS, 
Sulphuric Acid Chambers, Acid Cocks, 

LEAD-BURNING APPARATUS, HYDROMETERS^ 

LIQUOR-TESTING APPARATUS, 
And all Sundries required in Stilphate Manufaoture. 

PRACTICAL LEAD BURNERS SENT OUT TO REPAIRS. 



PRIVATE GAS-WORKS 

Designed and Erected Complete. 

Electric Pressure Alarums, Bells, Signals, Indicators, 
TEUPH0NE8, SPEAKING TUBES, ft LieHTNING C0NDU0T0R8, 

ERECTED ON SCIENTIFIC PRINCIPLES. 



St/phon Fumqts ; Tar, Liquor, ami Water Pumps, for 
Handy Steam, or Poivern ; Iron and Wood Purifier Grids r 
Scriihher Boards; Drill Iny and Screicimf Machines; Gas-Jittera" 
and Mainlayers' Tools ; and every requisite for Gas-Works. 

PRICES AND PARTICULARS ON APPLICATION. 



ALBERT WORKS, CHURCH ST, BARNSLEL 
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GUEST & CHBIMES 

FOUNDRV t BMSS WORKS, RSTNERHMi, 

MANUFACTUBEBb OV 

OAS & WATER WORKS APPARATUS. 



eOLDSMITH'S PATENT SIGHT WATER LINE IN0IGATIN6 
AND COMPENSATING WET GAS-METER. 

ORDINARY NON-COMPENSATING WET AND 

DRY GAS-METERS. 

OAS CHANDELIERS AND BBACEETS, *o. 

SCREW AND RACE ft PINION aAS-VALVE& 

CATHELS & TERRACE'S PATENT FOURWAY DISC 6AS- 

YALYES. 

CATHELS' PATENT STREET GAS-MAIM GOYERHORS. 

IMPROVED SLUICE COCKS FOR WATER. 

SATEMAN ft MOORE'S AND CHRIMES'S PATENT 

HYDRANTS OR FIRE-COCKS. | 

SIEMENS PATENT BALANCE WATER- 
METER. 

CHRIMES'S PATENT HIGH-PRESSURE SINGLE AND DOUBLE LOOSE 

VALVE SCREW-DOWN COCKS. 

WATER CLOSETS, AND WASTE PREVENTING 
SERVICE BOXES FOR CLOSETS. 

London House : 

THOiyiAS BECfaS & SON, ' 

85, SOUTHWARR STREET, S.E. 



GAS EKOINEKHB A 
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FISON'S 

PATENT SELF-ACTING REGULATOR 

GAS EXHAUSTERS 

Descriptive Circulars 

Testimonials 

Estimates &c 

Free on application 




jispEB i wi. SHOim, umsm, ieeds. 
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GEORGE ANDERSON, 

CONSTRUCTOR & LESSEE OF GAS-WORKS. 



AND 



Patentee of the following Inventions for 
Utilizing and Economizing Capital:— 

RETORT SETTINGS, 

STEAM ENGINES and EXHAUSTERS, 
GOVERNORS & FOUR- WAY VALVES, 

FOEL MACHINES (Compressed Breeze and Tar). 



) 



The Advertiser holds Six Gas- Works on Lease, besides 
being Consulting Engineer to many others. He thus has 
ample opportunities of testing the value of his inventions 
before submitting them to the public. 



ISQUIlilKS, FRICES, AND ALL PARTICULARS 

TO BE ADDRESSED TO 

35A, Great George Street, 

WESTMINSTER, S.W. 
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WELLIMGTOM, MSOH, AND MARKET STREET WORKS, 
KEIGHLEY, YORKSHIRE, 

(ESTABLISHED 1837) 
SOLE UANUFAOT0SEBS OF 

^f)e "§clit)se" 

SCRUBBER -WASHER 

(LAYCOCK & CLAPHAM'S PATENT). 

The most effective Machine known for extracting Ammonia and 
other Imparities from Coal Gas ; 

Costs little in working; does not clog and get out of order; 

Is a Self Cleanser, and no Increase of Pressure. 

References, Prices, and otber Particniars on application. 



Makers of 

RETORT FITTINGS, CONDENSERS, SCRUBBERS, 

AND PURIFIERS ; 

CENTRE-VALVES, INTERNAL RACK AND PINION VALVES, 

SCREW-DOWN VALVES FOR SHALLOW MAINS, AND 

DIP-REGULATING VALVES; 

SYPHON-WELLS, GAS-MAINS, AND SPECIAL PIPES ; 

CAST-IRON TANKS, LAMP COLUMNS, Ac. 

WOOD PURIFIER SIEVES MADE BY SPECIAL MACHINERY- 

Also Makers of 

DOUBLE-FACED VALVES, WITH GUN-METAL FACES, 
SCREW, AND NUT, FOR WATER OR STEAM ; 

WATER-MAINS AND STEAM-PIPES ; 
HOT WATER TUBULAR BOILERS, VALVES, PIPES,'[AND 

CONNECTIONS. 



GENERAL CONTRACT WORK 

Supplied and Erected in any part' of the Zfntted Kingdom, 



I 
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B. GIBBONS, Jun., 



MACHINE-MADE 

FIRE-CLAY RETORTS, 

AND OP EVERY DESCRIPTION OP 

FOB 

RETORT AND BOILER SETTINGS. 

GIBBONS BROTHERS, 

-McDUDLEY** 



SPECIALITY: 



RETORT SETTING 



a:si> 



RETORT-HOUSE FITTINGS; 



{ 



ALSO 



APPARATUS 



VOB THE 



MAMU^DTURl OF SULPHATE OF fcMMO*((A, (^ 
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^^e 'Metropolitan 

VENTILATED FAMILY 

GAS KITCHENER, 

DOUBLE CASED, 

m LIHED rniH PATENT ROM-COSDUCTOB. 

Specially Designed and 

, Manufactured to meet 

4 the requirements of 

f Corporations and Gas 

Companies for Letting 

on Hire. 

More than QOO of these Kitcheners 
have been supplied to the South Metro- 
politan Gas Company. They are also 
very largely adopted by The Gaslight 
and Coke Company. 




H. & C. DAVIS & CO., 

glttroyoiaan &ta Stoire Whake, 
200, CAMBEBWELL K0.,\iS«a'5i«.,^TS.. 
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JAMES MILNE & SON, 

Gas-Meter, Gas Apparatus, and Gas-Fittings 

Manufacturers, 

London House: MILNE, SONS, & MGFIE, 

2, KING EDWARD ST., NEWGATE ST., E.C. 

Station Meters, GoYemors, Consumers' Meters, 
Gas Lustres, Chandeliers, BraclLets, 

AND EVERT DESCRIPTION OF aAS-FITTINGS AND 

GAS APPARATUS. 

THE 

tSigatt Coal & Iron Compang, 

LIMITED, 

SUPPLY THE BEST WIGAH ARLEY MINE 6AS COAL, 

GAS NUTS, GAS CANNEL, do. 



MIDLAND DISTBICT COAL OFFICE: 

97, NEW STREET, BIRMINGHAM; 

SOLE AGENT: 

A. C. SCRIVENER. 



N3.-The WI6AN COAL AND IBOH GOMPANT, tJHITEI^ tre 

ezclnsive owners of the well-Snown 

HAIGH HALL AND KIRKLESS HALL 
GAS COAL COLLIERIES. 
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" DANIEL HOWARDT • 

(ecconHH TO TBI UTB BEHI. WHITBHODSE) 

GASHOLDER AND BOILER WORKS, 
WEST BROMWICH, near BIRMINGHAM, 

(EstabUclied 17651 
MANUFACTUREll OF 

TELESCOPIC AND SINGLE GASHOLDERS, 

WROUGHT & CAST IRON TANKS FOR DITTO, 

Pgnltrs, Condensers, Scniibers, Ejdinllc lains, ud ill 
Unls ol Gas Apparatus. 

WaOHGHTIBON BODFS, BBIDQES, OtBBEBS, ETC., 

STEAM. HOT WATEK, AHD RAUSE BOILEHS, TAUKS, 

CISTEDHS, BOATS, 

AND ALL KINDB OF WBOUOHT-IBON WORK. 

DrawiiigB, SpccMofttloim, and EatlmateB aupplied on appUoaHoii. 




REGULATOR. 

Elevation and Section of a Oonamnera' Qovemor. 




WHEN ONCE ADJUSTED 



ECOHOm—CLEAHLIUESS—mflE PURE ATUOSPHERE, 



(. F, MiDRT, nnuEii, M, gmge STREET, vmtms. , 
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THE 



LancasMre Gas-Meter Co., LlmM, 

OL DEC AIM, 

6 as (gngmetrs & Jlpparatus ^anufatturcrs, 



BESPECTFULLY HOLICIT THE ATTENTION OF GAS MANAOEBS TO THBIB 

" Falcon " Mercurial Gas Governor, 

AND 

*' Falcon " Regulator for Chandeliers 

and Public Lamps. 



For Prices and Particulars apply to HENRY THOMAS, 

Managing Director^ 

JAMES M'KELVIE, 

CANNEL COAL MERCHANT, 

f 

EDIlNTBTJIiail. 



KSTABI.ISHED 1840. 



Sfigent fof 

TBE MKE or HAMUTOH'S LESHiHAGOW CilfflEL COJ^ 
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Special First Award, Sydney, 1870. Silver Medal, Melbourne, 1880. 

Gold Medal, Adelaide. 1881. 

LL0YD -f 4 -f LL0YD, 

Albion Tube Works, BIRMINGHAM, and Coombs Wood 

Tube Works, HALESOWEN, 

XANUFACTUBERS or 

WROUGHT-IRON WELDED TUBES & FITTINGS, 

For Gattf Steam^ and JVafer. Phiin or (hilvanized, 

Sobruulit fubts, goring & Xiinm inhts for ffiWU, (tc, 

TUYERE COILS. 
Boiler Tubes in Iron, Homogeneoiis Metal, and Steel. 

LARGE TUBES UP TO FOUR FEET DIAMETER. 



London Office : 90, CANNON STKEET, E.C. 
Warbhouses: LONDON, LH^BPOOL, MANCHESTEli. 

IRISH BOG OXIDE OF IRON. 

SPENT OXIDE OF IRON. 

JOHN NICHOLSON & SONS, 

6as ^urififation (Contractors, 
HXJNSIjET, LEEDS, 

Having becared the leaBes for a long term of yearH of many valuable 
Bog Ore Deposits, extending over some thousands of acres in tlie 
North of Ireland, are now raising tlie Ore by their own ntaff of 
workuioii, under the supervision of thoroughly qualified ovfrseeis. 
The Ore is well drained and oxidized before being shipped, and Gns 
Companies can depend upon getting it in a condition for inmiediate 
use. Beuig large Consumers of Spent Oxide, they are thus enabled io 
offer Gas Managers exceptional terms. 

All applications as to terms, quality, and references, to be 
addressed as above. 

Samples hat be h.vd fbom uub Manaoeb, 

Mr. PATRICK DOHERTY, Culdaff, Co. DonegaL 

DejMts : Runcorn, GotAe, Lefthy and Culdaff', 

Spent Oxide purchased in any quantities, or taken in exchange 

for New Oxide. 



i HAKJUIOOK Voa 



f).SUl<^W&CO., 

56 & 56, HIGH HOLBORN, 

das-Jfittings of ©terg gtsmptinn. 




SUN BURNERS, 
MEDIJiVAL BBA SS YfORK- 

g>I'Sii!l!T I,aMP$, 



WROUGHT-IRON 
PIPE and FITTINGS. 



HULETT'S PATEHT 
UEKCUmAL flESULATOfl. 
D. HJLETT'S IMPROTED SEBVICE CLEAHBEB. 

w. p. %hmji 4 C0., 

Wff/f SrefEr WORKS, LAMBETH, LONDON, S.E, 




MAXEBa 01' THB IMPKOVBD 

GAS EXHAUSTER AND ENGINE COMBINED. 

BEALZ'S PATENT. 
AS BBECTED AT THE LEABISO GkaWOEKS. 
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PHILADELPHIA EXHIBITION, 1876. 

ALSO SILVER MEDAL, PARIS. 



Btoarbridga fire -Clay. 

KING BEOTHIEBS, 



FBOPBIETORS OF 

STOURBRIDGG + (fLAY, 

MANUFiCTDBKBa OP 

FIRE-BRICKS, TANK BLOCKS, GLASS-HOUSE BAIGKS AND 
POTS, GAS-RETORTS AND CRUCIBLES, 

m CLAT AND PLDMBAGO. 

STOTJBBBIPGE, ENG-LAND. 

CLARK'S 

PATEHT 
RECUPERATIVE 

Bnrtilalina 

LIGHTING DWELLINGS; 

STREET LIGHTING. 

47, MILLBANK STREET, 

WESTHIHBTER, S.W. ^ 
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COKE-BREAKING MACHINE 

(HANBURV THOMAS AND JOHN SOMERVILLE'S PATENT.) 



The sale and returns for Coke can be largely increased by 
breaking it small for domestic purposes. 

The above Machine is found to be the best and most durable, 
and breaks double the quantity with half the power required 
by any other Machines. 

See description in Journal of Gas Lighting, Oct. 10, 1882. 



For Pbices and Particulabs apply to the Makebb, 

JAMES BARTLE & CO., 

LANCASTEE BOAD, NOTTING HILL, 
LONDON, W. 

8vo.f 383 pageSy with 88 Illustratiojis drawn to scale. £1 Is, 

A. THEATISE 

ON TH£ 

DISTILLATION OF GOAL TAR 
AND AMMONIACAL LIQUOR, 

AND 

THE SEPARATION FROM THEM OF VALUABLE PRODUCTS. 

By GEORGE LUNGE, Ph.D., F.C.S., 

Fbofessob of Technical Chemistby in the Federaij PoLYTECHNir 

School, Zurich 
{Formerly Manager of the Tyne MkcUi WorJeSy South Shields), 
" Deserves to be on the table of every gas manager and tar distiller 
in the kingdom." — Nature. 

BY THE SAME AUTHOR. 
Jn 3 volumes, %vo.f with more tlian IQO Illustrations drawn to scale, 

M 16s. 

% ^^toxdxtnl atrir ^ra:rfital ^xmtm 

ON THE 

^rnxdvLttrnt jof Sulpj^urix: %txb nnir ^Iknli, 

WITH THE COLLATEEAL BEANCHES. 
JOHN VAN VOORST, 1, P^TER^iOSTER ROW. 
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ENTIRELY HEVI3ED, 1882, 

WANTED, BeadetB of a Pamphlet pre- 
pared for Gas Compames to distribute 

to OftH CoiiBnnierB— " Cooking uid Heating by 
Goa ;" on Buraera, &o. 

Copies, by post, Threepence, direct from the 
Author, Maonub Ohhen, Ashoc.M. Inst, C.E., 
Gaa-Works, Sitdesium. 



'RICE'S FjaEsm ceKE § ce^ii B^^^ew, 





Ir.E.PEICE, Inventor A Patentee, Gas- Works, HuuptonWick,HiddleBei_ 



AUG. KLONNE, 

DORTMUND, GERMANY, 

6ngmtcr mit) CTontnitfor. 

[LONNE'S Patent REGENERATING FURNACES. 
GAS COMPA NIES ' ACCOUNT& 

GAS COMPANIES' EXPENDITURE JOURNAL. 

«ing & Kaled Accoubt-Boak witb Ptinted Heading and Anol^Eipg Guide 
ir Keeping, upon the eaaiest and most correct metb^ tbu EipendUme at a 
«B Compiiar, in tMXSordsnce victa tha proWsiona of tha Gu-w<akB Clauecs 
jjt of 1^, and mitable for all CompuiieB. Projected untT arrBJved hj 
:DWABD BANDBLL. Piice^-H»ii boirnd, cloth eidea, 3 Qoirei. SOb.; 

ISpecbnen. with iUuMCkiB and tuJl paitiiiulBn, aa. Od. ; tetliniable on tlie 



To iM hod ol WALTER KSjia, II, BoiT Coimi, Fut 
,C. 1 or ol the Ptoiector, EDWABD SANDELL, Cht 
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SIXTEEN PRIZE MEDALS, 

INCLUDING 

2 Gold Medals, Paris 1878. 

2 Silver Medals, Melbourne .... 1881. 



LIST OF NEW APPARATUS FOR THE USE OF GAS COMPANIES. 
LOWE'S JET PHOTOMETERS 

(KIRKHAM AND SUGG'S IMPROVEMENTS), 
"With New External Water-Linc Beg^ulator ; Improved Micrometer, with 
Quadrant divided into 45 degrees; Valve, with pro raid opening; Imporoved 
Ventilator; Purple Glass Height-of -Flame Measurer; King's Gituge working on 
Friction Rollers. Complete in French Polished Pine Case. 

Can also be had with Additional Scale on Pressure Gauge to show by 
inspection the Illuminating Power in sperm candles. 

SUGG'S PATENT ILLUMINATING POWER 

METER, 

For showing the Illuminating Power of Gkis in Parliamentary Sperm Candlfs, 

by the observation of one minute. 

THE NEW CANADIAN GOVERNMENT 

PHOTOMETER, 

With Dark Room, &c., complete in itself. Can be placed in any office. Will 

not require a special Dark Room. This apparatus is arranged upon an entirely 

new system. Is approved of as a Standard Instrument by the StandardH' 

Department, London, and adopted by the Government of Canada. 

THE IMPROVED "EVANS" PHOTOMETER 

(IMPERIAL PATTERN) 

Does not require a Dark Room. Fitted with all the newest appliances, with 

Sliding Glass Doors for protecting the ax)paratu8 from dust. Approred of by 

the Metropolitan Gas Referees as a Standard Instrument. 

The " EVANS » and the NEW CANADIAN GOVERNMENT PHOTOMETEItS 

can be arranged for Lamps or Candles. 

STANDARD BURNERS of all kinds, suitable for all qualities of 
Gas. The "LONDON BURNER" is adopted by the Oaa Referees hk 
the Standard for London, and in made use of in many parts of Ens^nd, 
A meri ca, and the Continent of Europe, &c. SUGG'S "frTmAT.TT T . A TJTV. 
BURNER is the Standard Burner adopted by the Ghas Referees for testing 
Cannel Gas. 

db. letheby'S sulphur test. 
gas referees' sulphur test. gas referees' ammonia test. 

IMPROVED METER fob GAS with SELF-ACTING SHUT-OFF COCK. 

GAS REFEREES' SULPHURETTED HYDROGEN TEST. 

PHOTOMETRICAL TABLE. Prepared by Wuxiam Sto«, A.I.C.E. 

PHOTOMETERS OF ALL KINDS. 

METHOD OF TESTING THE ILLUMINATING POWER AND PURITY 
OF GAS SUPPIilED TO THE PUBLIC, as Prescribed by the MetrcpolitHU 
Gas Referees. Price Is., post-free. 

LIGHTING TABLE, showing the number of hours between Sunset and 

Sunrise for one year. Price, by post, 2s. 



WILLIAM 



•y 



VINCENT WORKS, VINCENT STREET, WESTMINSTER; 
GRAND HOTEL BUILDINGS, CHARING CROSS ; 
Jffj RUE DEB PTBAMIDES, PAEIS; & (^HYSTAL PALACE, SYDENHAM. 
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IMPROVED GAS MAKING. 



MAJl>SrONE 
TUNBRIDOE WSLLS 

Richmond 



PORTSEA 

Bambqate 

BuBY (Lanoashiie), 



GAS IMPROYEMENT COMPANY 

(LIMITED), 
18, WATERSIDE, MAIDSTONE. 

W'EST'S PATENTED SYSTEM OF CHARGING AND DRAWING 
RETORTS has been in operation with complete success at 
the Gas- Works of 

BuBNItEY 

Ipswich 
folksstone 

Manchesteb (at the Rochbaui Road Station, in two Retort Houses, 
producing upwards of Four MHIUum per day), and 
South Metropolitan Gas Company (in two Retort Houses); 
And its adoption at an early period, at other large Gas- Works is in 
l)rogress (including the Gas- Works of The Gaslight and Coke 
i'oMPANY, Beckton Station), in a Retort House containing 540 Retorts, 

And also at the Saltley Works of the Birhinoham Corporation. 

After thoroughly testing the merits of West's System, West's 

Gas Improvement Company, Limited, have supplied 

ADDITIONAL SETS OF ARRARATUS TO SIX OF THE ABOVENAMED GAS-WORKS. 

A GREAT SAVING IN RETORT PLANT. 

AN ENORMOUS SAVING IN LABOUR. 

Increased Yield of Gas per Betort— Increased Yield of Gas per Ton of Goals. 

Thf Athumtages of the Si/stem are absnhtteb/ KMahlisheii, 

WEST'S GiS IIPROYEIEHT CO., LIIITED, 

Enter into Contracts with 

Gas Companies and Corporations 

For the erection of all branches of 

RETORT HOUSE PLANT, 

Including the complete erection of 

RETORT SETTINGS, 

And all Ironwork in connection therewith. 

WESTS PATENTED SYSTEM OF CHARGING AND DRAWINS 6AS RETORTS 

Can be seen in operation at Maidstone, on application to the Manager; also a* 
Manchester, on application, addressed to the Chairman of the Oas C<nnmittee, 
at the Town Hall. Inquiries may be addressed to the Managing Directors, 
West's Gas Improvement Company* Ldmited, Maidstone ; or to the liondon 
Offices, 106, Cannon Street; to the Consulting Engineer, R. P. Spioe, Esq., 
M. Inst. C J:., 21. Parliament Street, liOndon, S.W. ; or to P. W. Hartley, Esq., 
A. Inst. OEn Engineer and Analyst, 65>MiUbank Street, London, a.W. . 
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THOMAS SPITTLE, 



LIMITED, 



CamMatt |r0tt t!^ §rass Jf0ttn!bTg 



AND 



ENGINEERING WORKS, 



MAKERS OF 

CAST-IRON PIPES, 

AND K.Yy.TtYTHTNQ: APPJIRTAIMXHG TO 

GAS, WATER, COLLIERIES, RAILWAYS, 

AND OTHER WORKS, 

INCIiUDING 

Retorts, Mouthpieces, Lamp-posts, Hydraulic 
Mains, H-pipes, Dip-pipes, Buckstaves, Ash 
Pans, Sight Holes, Syphons, Ascension Pipes, 
Fire Doors and Frames, Fire Bars, Hydrants, 
Valves, Purifiers, Tanks, Columns, &c., &c. ; 



i 



AND ALSO 

ALL WROUGHT-IRON WORK. 



\ 
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LIQUI] 
R left 



In tbe Q(W •Itar oonOeiUfttliai. 



IT 19 A POWl 



W portion of tha CABBONIG 

_. iittentiini ol Ou Companteg, 

■ HIGH STANDARD OF HJ^DHINATINO 



liBving by ttaeii Acts . . . _ 

POWER, 1b oaUed. IC then paeiei tbe Oao tbog enpareil Into tbe maoBedini 
superposed Tonka, whare It la SCRUBBSD ASa WASHED In eontaot wltS 
nn^EKOBMOUB AMOUNT OF WETTBD SCItFACB, by wUoli (be WHOLE 



' TB£ AHHONIA oontaJned In th< 
I FORM MOBT PROFITABLE to > uu ujmpai 
Lchine it a VeiticAl T>ni, The aaaending Hnd deecen 
! aeparaled horizontal Haperpoaeil Tonka, thmngb 



Tbe action of tbe 



„ 1 antnat whicb the- 

. , ■■H^Twt^ly a-r p*Ti Jlw J uid 

thnjogh them ; and, being baUooed M the 

jariy all labonr and frictkm are obriated, uid the 
"OwER to keep the Machine in motioa (trrlTed 
»uae, hsTinx oulr to ASCEND and DESCEND, 
; SIiOWLYTBAikiY, and SMOOTHI,Y at the 
mlbiile. The worUiic power oI the Uachine la 

_ __ ilminlBhinff the aQmbar of ita ato>ba per mlntite. 

<be moat anbatanUal obamoter, woiUog vtthout Irictlan, 

he gu"[&n^e*d wuiki^g nwulia □( this Maobine are bb (oIIowb:— Ho. 1 
wer) Chambei—Complele eitnctlon of all Tu left In the Qai after con- 
ButlOH, and of a large ponion of Cubonio Aciil. (The Clae la eo freed 
n Tar that a stream psBstng through cotton wool will leave no depoBil 
the vool in 34 bonra.) Second ChuabBt—ADuaolliacal Llqaor of ISoes. 
umercial strength. Third Chamber, 10 oeb.i Fourth CliuDber, G oia.^ 
0) ObatTXber, 9 ota. ; Sixth Ch&mber, nil. Tbs pnrlflcatloD from AmmonJa 
Dmplete down to 0-£ grain per 100 leel. ^ 

. & W. WALKER, 8, FINSBORV CIRCUS, LONDON. E.C. ■^ 



^ 



